lige 


fas i 


Hie 
ae 


png 
Senate A 


Gx avgnis 
UNITASUTATIS 
AIRERTAEASTS 


«> het ey Ly 
yi) ie {POE Pde 
fi mm Fay? i ae WP ee: (F oo 
Ray: | on! 


f f 
Awe Aere ye, ly 
’ ; et ae ‘o % 
ae . ; 
rr weal at = 
wer Ps ie Hy 
OP ai 
ay “7 . ; 
] ii wy : 
i’ { F ch 
a A a j 
rae. 
ee , 
o's ‘ 
i Pas | 
f ] 
1 A 
i 
' 
iJ 
a 
~ 1 
i 
a 


—— 


Pek eas 
biel on i 
eee fae 1 


‘ 
iy \ e 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Alberta Library 


https://archive.org/details/Raniga1980 


THE UNIVERSITY OF ALBERTA 


Greywater Characterization & Treatment for Isolated Northern 
Communities 


by 


— SHAKUNTALA RANIGA 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND FESFAKCH 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 
OF MASTER OF SCIENCE 
IN 


ENVIRGNMENTAL SCIENCE 


CIVIL ENGINEERING 


EDMONTON, ALBERTA 


SPRING, 1980 


ABSTRACT 

Waste disposal methods in the Arctic environment create many 
problems due to soil conditions and extreme climate that are 
not found in southern climatese Most communities in the 
Northwest Territories use 'honey-bags! for toilet wastes, 
which are collected and disposed of onto the tand at a dumps 
Greywater, ieee wastewater from the kitchen, bathroom and 
laundry is discharged directly onto the ground surrounding 
houseSe 

Although greywater characteristics have been reported 
in the literature, information was not available on 
greywater generated in the Northwest Territoriese An 
evaluation program was designed to assess the nature of the 
greywater for an isolated northern communitye Samples from a 
site in Whale Cove were used in this investigatione The 
characterisation included measurements of total coliforms, 
fecal coliforms, fecal streptococci, total organic carbon, 
suspended solids, total and ortho phosphates, nitrates and 
ammoniae This greywater contained significant aquentities of 
coliform orzanisms as well as organic carbon, euspended 
solids, phosptrates and ammoniae Presence of large numbers of 
coliform organisms indicated the potential for pathogen 
occurrencee 

In order to develop measures to prevent any potential 
adverse health and environmental effects of this wastewater, 
a treatment system involving sand filtration and 


disinfection was evaluated. Samples of greywater from a site 
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in Edmonton were used in treatment experimentse 

The results of this investigation provide an estimate 
of the pollutional potential of greywatere Sand filtration 
and chlorination appear to be a practical solution for 


greywater treatmente 
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Ie INTRODUCTION 

The Canadian Arctic is an enormous, sparsely populated land. 
The political boundaries of the Yukon and Northwest 
Territories (NeWeTe) contain most of the Canedian Arctic. 
This area of 3.9 million square kilometers, of which 14C,000 
is fresh water, contain a total pcpuleticn of some 50,000 
people, chiefly inhabiting the southern latitutesc (Watmore, 
1971). Waste disposal methods in the Arctic environment 
create many problems that are not found in southern 
climatese In addition, economic resources often do not exist 
to support central sewerage systems for residential 
dwellings in isolated northern communitiese The management 
of wastewater discharged from single family dwellings which 
are not connected to central sewerage systems is a major 
problem throughout the Northe 

For many years, subsurface soil disposal via the 
conventional septic tank-soil absorption system thas heen the 
primary method for disposal of wastewater in unsewered 
Locationse Unfortunately, most of the land area in the 
NeWeTe is simoly unsuitable for on site treatment and 
disposal by the septic tank system due to poor soil 
conditions and permafroste 

Permafrost is defined as the thermal condition of earth 
materials such as soil and rock whereby temperatures remain 
below 0°C continuouslye Thus, permafrost means ground that 
remains frozen throughout the annual cycle of seasonse The 


extent of the discontinuous and continucus permafrost zones 


jel 


sbart hetelvacy “hee perenes de ak vrenk i 


‘ 


mewit dh ee 9 AUT OR He ee ae 
S37974 aahbyawe?d ef? Ae teow abptngs: Uo fa Mee 0 


cht dotaw to .¢: ee etd Fa. ore bic £0 to gee" ‘ta wore 

(MGW geen to //altetidean fare? « tle 19.08 «tinitian 

enamtae) sereotil «sl! steht yer ont aril? idecsal xide its 
taxa eavas sitords eav el ohonmtem ieoca@ayenr =r . 

/ ; ri ye 

motteen ah Spe roy one Fat nore Shorey) Seema Vt ee 


a 


Twiees >: go) Nettle Septicaeit olnetoo® pnek eabbo a8) pe 
felfosbisen Sak seute 2. agpaeAWwes sarraee 4 

fnenen seam ed? eit ingescy mawit be mitesowt wt if " 

1 4 ry . 


Abiaw enncid Jawh vl inet Si = ite noah Aopen te, j of bytes 
he ie a 
By! abe) ; 


,olLew « @! @mePhevs oy eTon er vant Aen ov varowanee + 


a, 
le 
aha 


ntvow wate soaqaonnt: fin 
Bid 
su+ sly Teenwaib Fiboe, oto ahttenne ioe cade, 


on? aped a4 oe err ng Leqnns de tee tip eet $4 ' ba 
beret ae ered! of vid dete: 46 Faoiwaw DS oo meat am: 


_ 


et? 4), @ren Pam eof Ter as tae Aehspadis veh 
une taberanes $time ap fee. of doit Poway ghee ina 
“Site “se ah sith ot haem acne staan ee ‘te 


a hi 
es, | laisieadoeimane 


bid 19 a a i ream ot 2 mitt as banat ee ndestameet 
- % ¥ 
obiaun aetienertenss “deren #o07 nore aan ven i 


‘tae — Hesee gee cove a7 i 29 


= ae 


in Canada has been generally determined during the past 10 
years, although detailed local information is still sparse 
in all but a few arease Continuous permafrost is permafrost 
consistent throughout the region, whereas discontinuous 
permafrost is permafrost intermingled with unfrozen ground. 
Permafrost varies in thickness from a few centimeters or 
meters at the southern Limits to about 60-20 m at the 
boundary of the continuous zonee 

Poor drainage is a typical condition of permafrost 
terrain because of the presence of impervious frozen ground 
at shallow depth, even in summere Saturated ground 
conditions in summer and a frozen surface in winter cause 
infiltration rates to drop to as low as zero, thugs 
disallowing the use of conventional septic tenk-soil 
ebsorption treatment systems for wastewatere Alternate 
systems need to be develoned to prevent health thezards from 
occurringe The lack of adequate wastewater disposal systems 
for problem soil areas has caused concern for public health 
and environmental qualitye Several alternate treatment 
systems whose anplications are not dependert on site soil 
conditions are under investigation (Ctis et ale, 19753 Sauer 
et ale, 19763 Ziebel et ale, 19743; Wei €& Heinke, 1975; 
Bennett et ale, 1975)e One alternative that sppears to offer 
the greatest potential is waste segregatione Besically this 
approach involves sevaration of toilet wastes (black water) 
and the household wastes( greywater) to facilitate their 


separate treatment and disposale 
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In much of the north, piped water supply systems are 
not availablee This may be largely attributed to piped 
systems being subject to damage from freezing in permafrost 
and cold-dominated sitese The construction and operation of 
insulated, heat-sensitive and cependable systems can impose 
severe engineering, logistic and econcemic constreaintse The 
communities to be served in the NeWeTe ere very small, 
generally less than 1900 persons kaving little or no tax 
revenue or skilled labore 

There is no doubt that for permanent communities a 
piped, buried water distribution and sewage collection 
system is desirable from both a public health and social 
persvectivee However, tack ef engineering design 
information, adequate insutation materials, transportation 
problems, uncertain economics, sparsely populeted and 
isolated settlements have contributed to the use of 
alternate solutionse 

Lack of piped water supply precludes the use of flush 
toilets. Hence people rety on "honey-bagse" for tcilet westes 
and thereby segregating greywatere Even with a trucked water 
System, flush toilets are too wasteful so waste segregation 
must be maintained. The toilet wastes in honey bees are 
either dumped indiscriminately on the grourd, or to empty 
barrels which are hauled away by trucke Greywater is 
generally discharged onto the ground outside houses by 4 
pipe leading directly from kitchen sink and Fathroome 


Greywater represents all the wastewater produced in a 
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household other than toilet wastes and includes kitchen, 
dishwasher, laundry, shower/bath and bathroom sink 
wastewatere 

Greywater is more amenable to treatment for ultimate 
surface disposal because toilet paper and feces, both soil 
cloggirg materials, have been eliminatede The total 
wastewater flow is decreased by about 40% if greywater is 
segregated (Laak, 1977). It is believed that the probable 
potential health hazard from excreted pathogenic organisms 
would be Lower for greywater; however laurdering of soiled 
diapers is a direct source of fecal matter in greywatere 

The character of waste flows from individual households 
can have a profound effect on the performance of individual 
tousehold treatment and final disposal methodse Various 
water use events within a home create an intermittent flow 
pattern of wastes that vary widely in strength and volumee 
In order to study and improve individual treetment and 
disposal alternatives effectively, the quantitative and 
qualitative characteristic of nousehold wastewater must be 
understoode 

Tre purpose of this study was to adequately 
characterise greywater both quantitatively and 
qualitativelye Based on the information obtained, the study 
attempted to evaluate the feasibility of treeting greywater 
to reduce any potential adverse health and environmental 


effects due to greywater disposale 
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Ae SCOPE OF STUDY 

To comprehensively investigate the feasibility of 
treating greywater, to reduce any potential edverse health 
and environmertal effects, the following problems were 
explored: 
1. chemical and biological characteristics of greywatere 
Qe effluent quality that could be produced ty selected 

treatment processes5 and 
Ge reliability of a treatment scheme. 
Tre major concern with a greywater treatment system is 
minimizing the amount of homeowner operaticn and maintenance 
necessary while insuring a reliable, effective systeme 

Chapter II contains an extensive literature survey to 
establish the current practices of treating greywater, 
including a detailed analysis of its character both 
qualitatively and quantitativelye Chapter III presents a 
discussion of the management of greyweter frem residential 
dwellings in isolated communities in the NeWeTe The 
procedures used to characterize greywater are outlined in 
chapter IVe Also included in chavter IV are the results of 
Laboratory research and a discussion of their meaninge 
Chapter V contains the procedures used to evaluate the 
effectiveness of the treatment process studied and an 
analysis of the feasibility of treating greywater in 
relation to results of the investigatione Conclusions and 
recommendations for further study are presented in chapters 


VI and VII, respvectivelye 
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If. REVIEW OF PREVIOUS WORK 


Ae HEALTH IMPLICATIONS OF GREYWATER MANAGEMENT 

Many microorganisms and viruses that occur in water 
produce diseases in mane Pathogenic organisms found in 
wastewater are discharged by human beings wtko are infected 
with disease or who are carriers cf a particular disease. 
The usual bacterial vathogenic organisms thet may be 
excreted by man cause diseases of the gastrointestinal 
tract, such as typhoid and paratyphoid fever, dysentery, 
diarrhea and cholerae Because these organisms are highly 
infectious, they are responsible for many thousands of 
deatrs each year in areas with poor sanitation, especially 
in the tropicse 

In attempting to assess the hazards in drinking water 
it is important to know how many viable pathogenic cells are 
necessary to initiate an infectione McCullough and Eisele 
(1951) found that a dose of 106-108 salmonellae per person 
was necessary for most strains, although 105 cells of some 
strains could initiate infectione Some enteric pathogens are 
highly virulent, causing infection when relatively few cells 
are adminsterede For example, a dese of 1073 Shigella 
cysenteriae and of Se flexneri can cause infectione (Levine 
et ale, 19733 Dupont et ale, 1972) Other pathogens require 
large numbers to infect, for example, a dese of 10? 
Salmonella typhosa per person (Hornick, 1970) and a dose of 


10®- 108 of Vibrio cholerae per persone (Cash et aley 1974) 
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The infecting dose varies wht ti age and general health of the 
host population. Infants and the aged may be particularly 
susceptible. 

In normat hosts pathogenic enteric bacteria must be 
ingested in numbers(10%=-10© or more organisms) sufficient to 
overgrow the normal flora of the intestine completely before 
disease occurse In compromised hosts, however, and perhaos 
in some normal hosts as well, the ingestion of small numbers 
of some of these pathogens may induce diseases. Thus, the 
presence of even a small number of enteric pathogens in a 
consumed water may not be innocuouse AlSOy, an innocuous 
situation can be converted into one that i¢ hazardouse For 
example, if water that contains a small number of pathogenic 
enteric bacteria is used in the preparation of an infant's 
formula and the prepared formula remains et room temperature 
for several hours before feeding, the few pathogens 
originally present may multiply to disease producing doses 
by the time the formula is fed. Weters tnat contain small 
numbers of pathogenic enteric bacteria may also be used to 
reconstitute dehydrated foods (such as milk powder) and ir 
the preparations of custards and other foodstuffs that ere 
not cooked before they are eatene Moreover, the presence of 
enteric viruses in water, must always be judged to be a 
potential threat to healthe 

The smallest numbers of infective virions detected in a 
water that is consumed constitutes a potential direct risk 


of infection to the consumere The risk of disease is 
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probably not great when such small numbers of virions are 
ingested, but individuals so infected often excrete large 
numbers of virions in their fecese The risk of disease in 
contacts of those who are infected by ingestion of 
contaminated water, therefore is relatively great because of 
the large numbers of virions that the contact may ingeste 

The diseases that may be borne by water include 
cholera, dysentery, infectious hepatitis, sechistosomiesis, 
typhoid, lertospirosis, salmonellosis, tuleremia, 
poliomyelitis and tuberculesise The access of fecal 
pollution to a water course or a water supply may adda 
variety of intestinal pathogense The most common waterborne 
pathogens include Salmonella, Shigella, enteropathogenic 
Ee-coli, Vibrio, Mycobacterium and humen enterovirusese 
(Bell,1975) 

Fnteric organisms, that is the gram negative bacilli 
that normally colonize the intestinal tract, have become 
increasingly important in human diseesee The genera 
Saimcnellas Shigella, certain strains of Escherichia coli 
and Yersinia are pathogens that cen cause serious intestinel 
diseasese The remaining enterics sre opporturists which 
under normal circumstances are either incorseguential or 
beneficial to mane However, in an appropriately altered or 
debilitated host, opportunist organisms can cause diseasee 

Salmonella infection is almost always due to the 
ingestion of contaminated materialse The orgenisms enter the 


tissues from the intestinese There are three main types of 
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clinical manifestations of Sealdwel Ve infection, namely, 
enteric fever, gastroentéritis, and septicemiae Among the 
enteric fevers the classic example is typhoid fevere 

The source of all Salmonella infection is the reservoir 
of organisms living in the tissues of humar beings or 
enimalse Infection occurs through food, milk or water 
cantaminated with infected feces or urine or by the actual 
ingestion of the tnfected animal tissues. The hosts which 
harbor the organisms may be clinically recognized cases, 
sick animals or carrierse 

The natural habitet of Shigella is the gastrointestinal 
tract of mane Thus the only important source of infection in 
man is the human hoste In man, these crganisrs mey cavse a 
fulminat+ing case of classic dysentery, a mild diarrhea or 
perhaps most frequently an inapparent or subclinical 
infection following the oral introduction of the specific 
orgenismse Because of this wide variation in severity of 


clinical symptoms the term "shigellosis" is cften applied to 


0) 


infections caused by this group of organismsSe The disease i 
spreesd from person to person by a variety of metrodse 
Contamination of human fingers with fecal material 
containing dysentery bacilli is the most common mode of 
transmissione Contamination of lavatory seats is another 
important factor. The disease can also spread indirectly 
through contaminated water and food suppliese 

The development of a true carrier state is of rare 


occurrence, perhaps due to the fact that dysentery bacilli 
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only invade the intestine and show no tendency to invade the 
biliery tracte Clinical attack rates ere higher in children 
as compared with adults in the same communitye 

Escherichia coli is the predominant organism in the 
intestinal canal of mane The organisms gain entrance to the 
intestinal canal shortly after birth and persist throughout 
lifee Many, if not all, members may skow opportunistic 
vathogenicitye A Limited number of well defined serotypes is 
closely associated with certain infectious enteric diseases 
in humen infants and young of other animalse There are 
usually mechanisms provided whereby the newborne may resist 
bacterial invasion and adjust itself to an equitable 
hest-parasite relationshine This relationstip may be upset 
by various factorse The clinical picture represents in 
infants a profuse diarrhoea, high temperature, dehydration 
and prostration often associated with a septicaemiae Eo coli 
organisms may be found in the bone marrow and bloed streame 
In adult human beings Esecoli may invade the appendix, gell 
bladder, peritoneal cavity, kidneys and the urinary bladdere 
It has been shown that epidemic diarrhoea caused by certain 
species serotypes of Eecoli may be introduced by carrierse 
(Cooper et ale, 1955) 

Vibrios commonly are found in estuerire, coastal and 
deep ocean water. However, many freshwater Vibrio species 
also have been identifiede The salt requiring and freshwater 
Vibrios include species pathogenic for many for example, Vo 


parahaemolyticus and Ve cholerae,respectivelye Cholera has 
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been recognized as a waterborne disease of man since the 
turn of the centurye The infectious agent may enter water 
cdirectly from the infected host or indirectly vie wastewater 
from areas inhabited by clinical cases of cholera, persens 
in the incubation stage, or healthy carriers. 

Infection is acquired either by the ingestion of 
organisms present in contaminated water or to a lesser 
degree contaminated vegetables and fruits or from a cholera 
patient by direct contacte The bacteria multiply in the 
small intestine and because the orgéenism autolyses very 
readily considerable amounts of endotoxin are liberated 
during growthe Cholera is an acute infectious disease 
charecterized by abrupt onset, vomiting, extraordinary 
diarrhea, muscular cramps and other signs of dehydration, 
subnormal temperatures, fall of blood pressure, suppression 
of urine and rapid collansee Survival of cholera Vibrios 
outside the host is not of long duratione The organisms 
remain viable in stools and in river water up to 17 days 
(Solytys, 1963). 

Outbreaks in England and Germany are very geod exemples 
of the role of water in the spread of cholerae One of the 
epidemics in England, known as the "Broad Street Pump" 
epidemic in London was shown to be spread from one person to 
another at the pumpe By removing the handle of the pump the 
epidemic was terminatede The disease is now found only on 
the Asian continente There has been no cholera in America 


since 1892 and in Europe since 1925- Cholera is a disease 
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which occurs only under the most deplorable canitary 
conditionse Adequate sewage disvosal and proper supervision 
of water supplies make Large-scale epidemics of cholera 
impossiblee 

Pseudomonas aeruginosa, while it is often considered to 
be an ubiquitous bacterial inhabitant of surface waters and 
soil, appears to enter the environment mainly with human 
fecal wastes or with the fecal wastes of animals associated 
with mane [It is said to be shed by approximately 15% of all 
persons (Ziebel et ale, 1974). Pseudomonas eerugirosa is an 
opportunistic pathogen of man and animals which may be 
spread by watere Gastrointestinal infections with 
Pseudomonas aeruginosa have been documented, particularly in 
infantse There is some evidence that such infections can be 
caused by consumption of contaminated foods or watere 
Lartigau (1898) first described two outbreaks of 
gastroenteritis involving 15 individuals of whom 4 diede 
Pseudomonas aeruginosa was isolated from fecal material and 
from each of 5 well waters used by the individuals involvede 

In addition to the enteric (intestinal) organisms, 
non-enteric organisms such as those discharged in sputum, 
and washed from skin can be pathogeinic to mane For example, 
Streptococci are primarily found in the human upper 
respiratory and intestinal tracts, and can also be present 
on the skin, around the anus and in the vagina and cervixe 
Streptococci infections in man are usually initieted by an 


apparently healthy carrier, when conditions become favorable 
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for the propagation of the infecting agente The infections 
range from pharyngitis with an acute onset, to the more 
insidious postinfection sequelae such as rheumatic fevere 

Pathogenic Staphylococci are found on the skin and in 
the nose and are carried on various mucocuteneous surfaces 
of humens from birth until deathe Human beings become 
infected only when his susceptibility is appreciably 
effectede Staphylococci may produce a wide range of 
infections, including pustules of hair follicles or sweat 
glands, meningitis, endocarditis, pericarditis, 
pyelonephritis, enterocolitis, osteomyelitis and wound 
infectionse The pathogens washed from skin cf en irfected 
person can be trensmitted to another person coming in 
contact with waste washwatere 

Westewater is a possible mode of trensmission of 
Mycobacterium tuberculosis which was isolated frem 
wastewater and polluted streams (Laird et ele, 1913 )eo 
Tubercle bacilli have been detected in the untreated oad 
treated sewage discharges of sanatoria (Jersen, 1954). Cases 
of tuberculosis in children who had fallen into river 
contaminated with sewage, have been reported (Miller and 
Anderson, 1954). Skin infections caused by Mycobacteria in 
swimming poole and in natural bathing waters have also been 
reported (Schaefer end Davis, 1961 )e 

Tubercle bacilli can persist in the aquatic environnent 
for weekse Rhines (1935) demonstreted the survival of the 


avian strain of tubercle bacilli for 73 deys in raw sewege 
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and estuarine watere Low water temperature and available 
organic nutrients are the two important factors influencing 
prolonged survival of the pathogenic Mycobacteria (Rudolfs 
et al., 1950). 

Humans are the only established source of 
Metuberculosise The organisms are mainly transmitted among 
humans via droplets or aerosols or by direct contacte The 
usual portal of entry is the lung but the disease may spread 
to other organs, for example, larynx, lymph nodes ana 
intestinal tracte 

Metuberculosis has a degree of increased resistance to 
chemical agents, particularly to chlorine end queternary 
ammonium compounds, and it persists for extended periods in 
dried sputume Thus, washwater from a bathroom sink is a 
potential mode of transmission for Ms tuberculosise However, 
phenolics and iodides are effective disinfectants for the 
tubercle bacillus (Slack ©& Snyder, 1978 )e 

In addition to bacteria as infectious agents that are 
potentially waterborne, there are viruses that could 
contaminate watere The infectious hepatitis virus deserves 
special attention since it has been definitely recognized as 
a waterborne pathogene The ecology of enteric viruses is 
generally governed by the season of the yesr and by the 
socioeconomic level of the populatione The viruses are shed 
in large quantities in feces of even healthy carriers and 
their numbers in raw municipal sewage may range from 103 to 


more than 105/L (Bitton, 1978). These viral pathogens may 
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survive sewage treatment operations and come into contact 
with man via food or watere Unfortunately, the virus that 
causes infectious hepatitis has not yet been isolatede Most 
of the virus survival studies have used poliovirus as a 
model and information is still lacking on the behaviour of 
the elusive virus that causes infectious hepeatitise Since 
the causative virus has not been cultivated in cell culture, 
all available evidence about the transmission of infectious 
hepatitis by polluted water is epidemiologice 

Infections may result from exposure of oral, ccular, 
nmasopharygeal and abraded skin surfaces to virusese 
Contamination of water with human viruses usually results 
from pollution by feces or urine, but shedding of virus from 
respiratory, genital or ocular sources into bath ard 
washwater occurs, as welle 

Of the diseases mentioned above, infectious hepatitis, 
shigellosis, gestroenteritis, salmonellosis, streptoceccal 
sore throats and tuberculosis have been found to occur in 
the NeWeTe Table [I-1 lists the number of cases of each 
disease reported by the nurses in each community in the 
NeWeTe for the years 1974-1978. It stould be realized, that 
the table could be incomplete due to inadequete reliability 
of reperting occurrences of diseases for small isolated 
communi tiese 

There may be a potential for the transmission of 
disease by land disposal of wastewater because of the large 


variety of disease causing microorganisms end parasites that 
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are present in domestic wastewatere In addition, bacteria 
have been found to survive for a long period in cold 
climates and in soils that retain a high amount of moisture 
(Beard, 1940). Alsoy high quantities of nutrients are 
present in wastewater that enhances bacterial survivale Land 
application of wastewater over long periods cf time could 
result in the accumulation of orgenisms at the soil surface 
where they will be concentrated. Runoff from such areas 
could contaminate surface waters, if not controllede At 
present, there is no evidence availeble to suggest that lend 
disposal of wastewater is a major mode of disease 
transmission in the NeWeTe However, it is importernt to note, 
that the potential for the spread of disease throust surface 
runoff does existe 

Although most of the above diseases are caused by 
contamination of water with fecal matter, ieee mainly black 
water, greywater is capable of harboring vattogense 
Particularly, bath and laundry wastewater could add fecal 
pollutione As well, washwater from bathroom sinks could 
contain pathogens from people suffering frem respiratory 
illnessese 

Of special interest is the likelihood of encountering 
pathogenic organisms carried in the wastewater stream from a 
given household and if so encountered, in what 
concentrationse Obviously, the ideal epproach would be to 


test for pathogenic microorganisms in watere However, 


different pathogens occur at different and highly variable 
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densities in feces and in polluted waters. This variability 
reflects the intestinal infections prevalert at different 
times in warm-blooded animal populationse To detect all 
disease producing organisms, microbiologists would have to 
perform a variety of complex, time-consuming, and often not 
fully verified procedures for each sample analyzede None of 
the currently available procedures are applicable to routine 
quantitative isolation of small numbers of pathogens in 
watere A more expedient approach is to seek a microbial 
indicator group common to the feces of all warm-blooded 
animalse 

The coliform organisms have lone been recognized as 
suitable microbiological indicators of water quality largely 
because they occur in relatively large numbers$ they are 
svecific, they are relatively resistant to conditions in 
most water environments and their detection in water is 
relatively eesy and reliable (Buttianx and Mcssel, 1961). An 
indicator of pathogens is ultimately an indicator of 
possible hezards to public healthe Indicator organiems may 
suggest the presence of feces, domestic sewage, viruses and 
other pathogens or sufficient numbers of pathogens to 
produce disease, but they do not necessarily cause disease 
tremselves. 

If the coliform grouv is to be used as ar indicator of 
fecal pollution of water, it is important to know that the 
coliforms do not lose viability in tre water environment 


faster than pathogenic bacteria, such as Salmonella and 
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Shigella. 

Little information exists on the survival of bacteria 
in water. McFeters et ale (1974) recently reviewed previous 
work and presented their own data on die-off of intestinal 
pathogens in weltl water. They found the die-off retes for 
pathegens and coliforms to be approximately the saree 

Another factor to be considered is the relative 
sensitivity of coliforms and bacterial pathogens to 
disinfectantse Although this subject has been little studied 
recently, the older work (Butterfield et ale, 19433 
Butterfield & Wattie, 19463 Wattie & Chambers, 1942) 
indicated that there was essentially no diffenence between 
these different organisms in sensitivity to disinfectioane 
However, virat pathogens survive tonger then becterial 
pathogens thus, indicating that viruses are more resistant 
to disinfection than bacteria (Colwell & Hetrick, 19°76). 

The coliform test is not infallible, rowevere A 
negative coliform test result does not rule out the presence 
of harmful organisms, especially the more rFardy viruseSse 
Lanyi et ale (1967) isolated Pseudomorac saeruginose from 
drinking water samples regarded as satisfactory on the basis 
of the coliform counte 

Smith et ale (1977) found shower wastes aboard a Great 
Lakes vessel to contain >1,9090/100 mL of Ps aeruginoseae his 
organism is a pathogen of particular concern to men because 
it is highly resistant to antibacterial agentse This 


organism may be found in wound infections, erd in eye and 
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ear infectionse Ear infections may lead to complications, 
such as abscess of the brain, mastoiditis, thrombophlebitis 
of the lateral sinus, and sometimes meningitise Also it may 
play and important role in gastrointestinal disturbances. 
(Grabow, 1970). 

The washwater diseases (mostly skin, eye, ard ear 
infections but also including some very rare ard very 
serious nervous system infections) are indirectly, if at 
all, related to fecal contaminatione Thus, it must be 
recognized that there are diseases which may be contracted 
by water contact for which the fecal indicetors are 
extremely poor, if not irrelevant. 

Total coliform as a fecal indicator is rot valid 
because it includes organims of nonfecal origire The fecal 
coliform group is a better fecal indicator system and a part 
of the total coliform groupe Yet, the total coliform grcup 
is useful in disinfected waters because it comprises more 
organisms than the fecal coliform group and thereby Beegives 
longer in a disinfected water, adding a meesure of safety as 
an indicator of more resistant pathogense However, even when 
indicator bacteria are absent from a water, one cannot be 
certain that viruses are also absente The total coliform and 
fecal coliform tests have been paramount in the 
bacteriological monitoring of weter qualitye A classic 
failure of the coliforms as indicators of fecal pollution 
occurred in Riverside, California, in 1965 when e waterborne 


outbreak of Salmonella typhimurium infections afflicted more 
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than 16,000 persons (Condit and Stone, 1965). Although 
Salmonelta typhimurium was recovered from the incriminated 
water supply, fecal coliforms were note Thus, rigid reliance 
upon a single indicator group may lead to a false assurance 
of the bacterial safety of a watere 

The use of fecal streptococci as indicator of fecal 
pollution of water has been suggested by various 
researcherse The advantages of fecal streptococci as 
pollution indicators arise from their absence frem pure 
waters, virgin soils, and environments having no contact 
with human and animal life, their persistence without 
multiplication outside the animal body, and their presence 
in much greater numbers than pathogense 

Fecal coliforms and other coliforms as well, can 
multiply in weter given sufficient nutrient materiale 
Streptococci do not nultiply in polluted waters, giving them 
e significant advantage over coliform indicators for 
detecting recent pollutione Fecal streptococci generally 
have been found to be more persistant than fecal coliforms 
and are therefore a safer indicator of pollutione Since 
fecal streptococci survive longer than fecal coliforms, they 
are a better indicator of viral contamination (Kenner, 
1978 )e 

A fully adequate indicator system does not exist for 
viruses in the water environments. Nor, for trat matter, does 
there exist an indicator system that serves well for 


pathogenic bacteria in all situationse Usually, the presence 
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of indicator coliforms, fecal coliforms end fecal 
streptococci in a water implies the possible presence of 


viruses and other pathogense 


Be GREYWATER FLOW AND LOADING PATTERN 

A summary of the average flow volumes determined by 
several investigators for household greywater events is 
presented in Table I[I-2e As shown, the primary contributors 
to the greywater flow are the activities of hathing (41-8 
L/c/d or 40%) and laundry (37-8 L/c/d or 34%). In total, the 
greywater generated ina typical residential dwelling was, 
on the average, 105.2 L/c/de 

Several investigators (Bennet and Linstedt, 1975; 
Besik, 19723; Haney SHaman, 19673; Laak, 19743 Ligmann, 12725 
Siegrist et ale, 19753 Wallmanrn, 12723) have cetermined the 
water usage for different household events as a percentage 
of the total average flowe The results are summerized in 
Table II-3. 

Based on the agsumption of four persons per frousehold 
Bennett and Linstedt (1975) estimated the compvosition of 
soav-related wastewatere The bathroom sink was estimated to 
contribute 20%, bathtub and shower 35%, laundry 40% and 
dishwater 5% of total wastewatere 

For designing a proper treatment system, additional 
information on patterns or variations in the flow is 
required, in addition to the volumes of wastewater produced 


per daye Witt (19274) investigated wastewater flows from 11 
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homes in Wisconsin, with the objective of studying 
contributions made to the volume of wastewater from various 
events in a home on a day-to-day basise The usage patterns 
throughout the day on an hourly basis was also studied to 
identify periods of high or low flow and the frequency of 
the various events contributing to the flowe 

Monday was found to have the highest average flows with 
187.8 L/c/d while Friday had the lowest with an average of 
141.8 L/c/de Little variation in the flow existed for any of 
tre events except the bath and laundrye Baths showed a 
significant difference between Friday at 230.4 L/c/d and 
Saturday at 45.8 L/cfde The laundry contributed a 
Significantly higher value to the flow on Monday and 
Tuesday, when compared to other days of the weeke 

On a typical day, peak water usage occurred during the 
morning and evening hours producing flows cf 161.2 L/c/de 
Laundry was largely concentrated in the morning with 63% of 
flow occurring between 7 aeme to 2 peme Peak flows from 
baths and showers were most often found ir the evening hours 
between 5 peme and midnite although the morning hours of 6-9 
@eme also showed an increase from this everte Dishwashings 
were measured in 3 peaks following the mealtimes with the 
largest flow between 5 and 7 peme 

In a similar study by Siegrist et ale (1976) the vast 
majority of pollutant mass produced by an averare household 
was found to be generated between the hours of 6 aeme and QO 


Peme with distinct peaks occuring at G9 aeme, 1 Peme and 7 
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PpeMe 


Ce GREYWATER CHEMICAL CHARACTERISTICS 

The characteristics of greywater deperd on the living 
habits and personal hygienee The different cleaning agents, 
dishwashing, bathing, and other household liquids used by a 
family will influence the physical, chemical and 
microbiological characteristics of greywater between 
familiese Thus, averages of representative greywater 
characteristics must be used cautiouslye Tables II-4, II-5, 
Ii-6 &© II-7 summarize some average characteristics of 
individual wastewaters as determined from the lLiteraturee As 
shown, the greywater does contain significant concentrations 
of the pollutants monitorede The kitchen wastewaters 
primarily contain food residues, dishwashing detergent ard 
wastewater from food preparation which can produce a 
Significant organic contributione In addition, kitchen 
wastewaters occasionally contain drain cleaners, scouring 
cleansers and bleache 

Bathroom greywaters carry shaving wastes, shower/beth 
waters, soaps, toothpastes and mouthwashese Laundry 
contributes body oils and dirt, detergents, and a large 
volume of watere Rinsing dirty diapers will edd to the 


numbers of coliforms and fecal coliformsSe 
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TABLE II-5 


CHARACTERISTICS OF GREY WATER FROM LITERATURE SURVEY 


Parameter 


Total PO 


as P 4 


Ortho-PO 


as P 4 


S$. Solitds 


TOC 


KITCHEN WASTE 


Siegrist 
et ali, 71976 
(mg/L) 


74 


3] 


03 


74 


Witt et 
al, 1974 
(mg/c/d) 


419 


V7 


424 
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Parameter 


Total PO 


as P 4 


Ortho-PO 


as P 4 


S. Solids 


TOC 


TABLE II-6 


BATHROOM WASTE 


Siegrist Pancuska, 
etre ii) 19/6 1975 
mg/L (mg/L) 
2 10.0 
] = 
120 304 
100 103 
2 = 
0.4 - 
1 (ihe 
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CHARACTERISTICS OF GREY WATER FROM LITERATURE SURVEY 
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De GREYWATER MICROBIOLOGICAL CHARACTERISTICS 

In surveying literature, microbiological studies have 
demonstrated that raw greywater does possess a potential for 
containing pathogenic orgenismse Microbiological 
characteristics reported by several investigators (Bennett 
and Linstedt, 19753; Brandes, 19773; Hyres, 19743 Siegrist et 
ale, 19763 Olsson et ale, 19683) are presented in Teble 
IiI-Re AS shown, the results demonstrate that a wide range of 
indicator organisms can be expected ap greywater, which in 
turn indicated a potential for their pathogenic 
contaminatione Siegrist (1977) monitored the greywaters 
produced in bathroom and from washing clothes, from 6 
households over a 2-week period, yielding the results shown 
in Table II-2. Bath and laundry are the 2 major household 
activities which possess the potential for contributing 
pathogenic bacteria to the greywatere 

In addition, bacteriological eanalyses were performed 
for two common pathogens, Pseudomonas aeruginosa and 
Staphylococcus aureusge The results are shown in Table II-10, 
indicating a very tow incidence of Pe aeruginosae In those 
samples where it was isolated, the concentrations were 
elways below 20/100 mLe Se aureus was not isolated in ery of 
the samples analysede Based on these results, the pathogenic 
contamination in these raw bath and laundry wastewaters 
appear to be fairly insignificante 

However, Smith et ale (1977) found shower wastes aboard 


a Great Lakes vessel to contain >1,000/100 mL of Ps 
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aeruginosa, a level significantly above the background P. 
aeruginosa count( 22/100 ml) in the utility water. 

A very limited data base exists for conclusively 
determining pathogenic content of greywatere Also, very 
little is known about the concentration of viruses in the 
total raw wastewater from an individual householde In an 
attempt to better identify the potential for contamination 
of household greywater by pathogenic bacteria and viruses, 
further studies have to be conductede 

In addition to the results shown in Table II-9, 
Siegrist et ale (1976) obtained several isolates from 
laundry wash cycle, rinse cycle and bath/shower activitye 
Sixty-one fecal isolates were obtained from wash end rinse 
wastewaters and characterised as 65% Escherichia Sppe( mainly 
Ee coli), 27% Klebsiella pneumonia (with the ebility to grow 
at 44.5°C), 5% high temperature Enterobacter aerogenes 
biotypes, and 2% Citrobacter freurdiijie Approximately 90% of 
+he 24 fecal coliforms isolates from bath waters were 
Escherichia Sppe with the remainder, Klebsiella pneumoniae 
Certain biotypes of the genus Klebsiella are associated 
mostly with upper respiratory tract and hospital acquired 
infectionse Ese coli can cause profuse diarrhea in infants. 

A total of 48 Streptococcal isolates were obteined from 
bath, wash, and rinse wastewater samplesSe Enterococci made 
up 38% of these isolatese The majority of bath enterococci 


were Se faecalis Vare ligquefaciense 22% of Streptococcal 


isolates were characterised as Se bovise Other Streptococcal 
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svecies generally found on and in the body of animels and 
man, Viridens and Pyogenic groups, were also isolatede 

Many of the above organisms, though associated with 
animal feces, are often considered to exist in nature and 
probably have less sanitary significance than other 
enterococcal speciese However, the high incidence of Es 
coli, Klebsiella sppe and Enterococci especially in wash and 
rinse wastewaters, indicates that these westes potentially 
contain pathogenic organismse 

In a study conducted by Brandes (1977), all the fecal 
coliforms isolates were found to be Ee colie Since this 
orgarism is generally accented as an indicator of fecal 
pollution, a potential health hazard could possibly be 


assigned to greywatere 


Ee GREYWATER TREATMENT 

A number of studies have been conducted on the on-site 
treatment of household wastewater in rural communitiese The 
septic tank-soil absorption field is the most commonly used 
systeme The system includes septic tank pretreatment 
followed by subsurface dispvnosale There are basically six 
ways to treat and dispose septic tank effluent below the 
soil's surface: seepage pits, absorption trenches, seepage 
beds, evapo-transpiration beds, mounds and leaching chambers 
(Stoner, 1977 )- 

Seepage pits are excavated pits 90-120 cm wide and 


180-220 cm deep located about 30 m from the tousée These 
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pits are constructed only in permeable soilse Absorption 
trenches are the most commonly used treatment method for 
septic tank effluente Basically, this methed involves 
distribution of septic tank effluent by perfcrated pipes or 
tiles into a gravel bed, where it lLeaches out into the 
surrounding soilse Seepage beds are compact leach fields 
where the bottom of the hed is the primary soil interface. 
Evapo-transpiration beds evolved from seepége bedse They are 
shallow beds with gravel at the bottom to provide storage of 
effluent for eventual evaporatione Plants grow on the soil 
surface and utilize the wastewatere Mounds are constructed ea 
few feet above the normal grade ard are trapezoical in 
cross-sectione Wastewater is pumved up to the raised 
absorption field. Leaching chambers ere precest concrete 
structures used in place of absorption trenchese They have 
open bottoms and are usually about 1-2 m wide, 30 cm high 
and up to 2-4 m tornge Water from a septic tank fills the 
hollow space under the leaching chamber and is distributed 
evenly across the soil beneath the chembere 

Otis et ale (1975) investigated severel treatment units 
under laboratory and field conditions as alternatives to the 
conventional septic tank system to improve effluent qualitye 
The improved effluent quality in turn would enhance soil 
infiltration and reduce the dependence on soils for final 
treatment, or eliminate the need for soils in final disposal 
altogether. They examined: 


le a single-compartmented septic tank 
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2e a multinle-compartmented septic tank 

Be continuous flow-extended aeration units receiving either 
raw sewage or sevntic tank effluent 

4. batch-extended aeration units receiving raw wastes only 
ana 

5 .e rotating biological disk unitsee 

Tre results indicate that under laboratory conditions a 

multi-chambered septic tank appeared to give slightly better 

treatment than the single-chambered septic tanke Also, 

aerobic units perform significantly better than the septic 

tankse However, under field conditions multirle compartment 

septic tank have not yet been shown: to provide significantly 

better treatment over the single-compartment tanke Under 

field conditions, aerobic units yield better treetment than 

septic tanks, but periodic upsets cause great variability in 

effluent qualitye Nearly complete nitrification was achieved 

through the aerobic units while ammoria and crgenic nitrogen 

were the dominant forms in septic tank effluent. 

The conventional septic tank-soil abserption field is 
not a suitable system of wastewater disposal in many areas, 
such as those with slowly permeable soils, excessively 
permeable soils, or soils over shallow bedrock or high 
ground watere Bouma (1974) suggested an alternate system of 
above-ground mounds that use the soils ability to absorb and 
purify wastewatere Mounds are constructed from soil, sand, 
and gravel and are normally trapezoidal in cress-sectione 


Effluent entering the mound receives treatment in the mound 
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soil just as it does in properly suited native soil. 

However, at some sites, the soils may be totally 
inadequate as a treatment and disposal medium. In such 
instances, an on-site wastewater disposal system which is 
not dependent on soil disposal, but which discharges the 
treated wastewater to surface waters is necessarye 

Saver et ale (1976) investigated intermittent sand 
filtration of septic tank and aerobic treatment unit 
effluents, as an alternative to subsurface disposal for 
household wastewater treatment. The effluent from the septic 
tank flowed into a small wet well where a submersible pump 
intermittently applied the effluent to a sand filtere The 
filter consisted of 61 cm of sand (effective size of 0.45 mm 
and uniformity coefficient of 3-9) overlyirg 20 cm of 
supporting pea gravel and 20 cme of coarse stcnee Since the 
surface area of the filters was small ranging frem 1.45 
square meter to 2.20 square meter the hydreulic loading 
rates of wastewater applied to the filters were relatively 
high (3 L/d/cm?-2-6 L/d/cm? )e The sand filter effluent wes 
collected in perforated pipes laid in the pee gravel and 
flowed by gravity through a dry-feed chlorinetor and finally 
into a chlorine contact chambere Hypochlorite tablets 
containing a minimum of 70% free chlorine were used with 
detention time ranging from 3 hours to 21 tourse Sauer et 
ale (1976) has demonstrated significart reductions of BODs, 
suspended solids and indicator organisms with average 


effluent qualities of 4-10 mg/L for BCDs, 6-15 mg/L for 
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suspended solids and 2-61 fecal coliform /100 mLe The septic 
tank-sand filtered effluent without chlorination showed a 
BODs of 6-290 mg/L, ee soilds ranged from 6-22 mg/L, 
and fecal coliform count was found to be 0-5-9e8 X 103/100 
mLe Sand~filtration after septic tank or aerobic urit 
pretreatment of combined wastewater produced a fairly high 
quality effluent, containing a low concentration of 
chemical/physical pollutants and indicator bacteriae This 
improvement in wastewater quality makes it possible for sand 
filtered effluent to be disinfected and disctarged to 
surface waterse 

RBrandes et ale (1974) studied phosphorus removal from 
domestic sewage using different kinds of soil filterse Three 
column filters of inside diameter 15.2 cm and length of 61 
cm were filled with different mediae One column contained 
Limestone, a second column contained homogeneous mixture of 
50% sand and 50% Limestone, and a third column contained a 
homogenous mixture of 90% sand, 10% red mude The removal of 
phosphorus from the three columns was 71%, 76e3% end 9G6e9%, 
resvectivelye The concentration of phosphorus was 0¢73 mg/L 
in the effluent from column threee Also tested were 10 
underdrained filter beds 23065 by 2564 cm and 10¢2 cm deep, 
filled with different kinds of filtering mediae Tre most 
effective filter bed was bed number 10 containing 38e¢1 cm 
sand ard 28.1 cm mixture of clayey silt (35% clay, 57% silt, 
8% send) which contributed to a removal of epproximately 90% 


of BODs, 90% of the COD, and 96% of the suspended solids 
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from sewage and contributed to a relatively high degree of 
nitrification. Brandes et ale (1974) also found that finer 
sand appeared to be more effective in removal of fecal 
coliform organismse A 1-0 m deep sand filter of an effective 
grain size D190 = 0.24mm and uniformity coefficient, Cu = 3.9 
was able to reduce the concentration of fecal coliform 
organisms from 2.0 X 106/100 mL in the septic tank effluent 
to 0.03 X 10°/100 mL in the effluent from the sand filter 
ieee 28-45% removale The concentration of total coliform 
organism dropped from 19-9 X 10°/100 mL to 2-3 xX 106°/100 

mL( 88.4% removal ) 

Ziebel et ale (1974) showed that a sand filter of an 
effective grain size(D10 = 0-45mm) and uniformity 
coefficient of 3.9 was a reduce the fecal coliform orgarism 
concentration from 263 X 10%/100 mL of effluent to 42 Xx 
103/100 mL( 81.7% removal). The concentration of total 
coliforms was found to be 0.13 X 10°/100 mL( 94.6% removal )- 

Wei and Heinke (1975) conducted a bench scale 
experiment on the electrolysis of raw domestic wastewater 
using consumable electrodes of stainless steel and irone 
They presented a conceptual design of an electrolytic 
household wastewater treatment unit for a family of five 
people. They suggested that an electrolytic waste treatment 
unit could be an alternative to the septic tank and tile bed 
system in areas where the latter is not epplicable due to 
poor soil and terrain conditionse 


Preliminary experimental data indicated significant 
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removal of organic carbon and phosphatee A coulomb density 
of about 500 c/L achieves about 75-80% reduction in 
non-settleable organic eee A S0% phosphate removal 
efficiency was achieved at a low coulomb density of 240 c/Le 
However, bacterial reduction in the process is smalle 
Another disadvantage to the above system is that it is more 
expensive than a standard septic tank and tile field, 
consumes electrical energy and requires periodic replacement 
of electrodese 

All of the above treatment methods discussed have been 
investigated and evaluated for combined wastewater. 

To improve methods of on-site wastewater manegement, 
more emphasis is being placed on waste segregation and 
separate treatment, especially in developing elternate 
treatment systems not dependent on site soil conditions. 
Basically, segregation involves separating the individual 
water uses within a home into two fractions 
1e toilet wastes( blackwater ) 

Qe kitchen, bathroom and laundry wastewaters (greywater )e 
The removal of tcilet wastes from the household wastestreamny 
through non-conventional toilet systems would reduce the 
wastewater flow volume and pollutant load to that of 
greywatere This greywater is more amenable tc treatment for 
ultimate surface disposale 

To date, there has been only Limited research conducted 
and experience gained regarding the cn-site treatment and 


disposal of household greywater, especially when considering 
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on-site surface dischargee The most commonly employed method 
of greywater treatment and disposal is the conventional 
septic tank-soil Sie temuenn fielde Laek (1°77) modified the 
conventional septic tank soil absorption system by designing 
a greywater pretreatment tank for which the design values 
were hased on total pollutant per capita and mean maximum 
monthly wastewater flows which are less then for combined 
wastewatere This tank is smaller in size than conventional 
septic tanke The design of a greywater pretreatment tank 
takes into consideration, that greywater is typically 209°C 
hotter than combined sewagee 

Raman and Chakladar (1972) investigated tre use of 
anaerobic upflow filters to reduce soluble BCDs loeding on 
sand filters and on leaching fieldse The tank effluent 
entered at the bottom of a filter column ttrough a system cf 
underdrains, flowed upward through a layer of coarse 
material (for exampvnle, gravel) 61 cm to 122 cm deep and was 
dicharged over a weir or trough at the tope The flows in the 
filters were intermittent. The meen EBODs, COP, end suspended 
solids removal efficiencies were 73%, 57% end 64%, 
resnectively, among the three filterse 

Leek (1977) also proposed treating the effluent from 
upflow filter media with a leaching field systeme Compared 
+o a conventional septic tank system, a 40% smaller field 
length perpendicular to groundwater flow was adeaquatee Based 
upon clogging load a 50% smaller interface area was 


adequate. 
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Siegrist (1978) studied the performance of a 
septic-tank sand filtration system for poor site conditionse 
The system included septic tank pretreatment followed by 
sand filtration and then surface disposale The wastewater 
generated by tynvical household events was simulated 
utilizing consumer materials and waste productse The 
simulated household events were made to occur intermittently 
during the daye The greywaters were directed to each of two 
septic tanks of 1892-5 L and 3785 L sizee The third septic 
tank of 3785 L received toilet flush wastewaters in addition 
to the same greywatere Eight sand filter lysimeters, each 
having a surface area of about 29 square cm, 61 cm sand, 12 
cm peagrevel and 18 cm coarse stone were establishede The 
results are presented in tables II-11 and II-12-. 

Although the concentrations of BODs, COD and suspended 
solids were considerably higher in the raw combined 
wastewater as compared to the raw greywater, characteristics 
of the effluents from the two 3785 L septic tanks were 
essentially the samee Siegrist found that sand filters 
receiving 30 cm/day of greywater septic tank effluent 
yielded filter run lengths over twice as long, processed 
over twice as much wastewater and removed over 140% more 
BODs and 60% more suspended solids than did similar filters 
receiving combined wastewater septic tank effluente 
Intermittent sand filtration of greywater septic tank 
effluent through 60 cm of medium sand yielded effluents low 


in BODs and suspended solids, almost completely nitrified 
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Parameter 


VSS 
Total-N 


NH3-N 


Total-P0O 
as P 


Ortho-PO 
as P 


4 


4 


Flow (L/d) 


Influent? 


220 
420 


TABLE II-11 
SEPTIC TANK EFFLUENT QUALITY, mg/L 
Siegrist, 1978) 
GREY WATER COMBINED 
1892 L tank 3785 L tank 
effluent effluent Influent 
101 62 260 
236 71 730 
47 46 410 
37 34 x 
6.5 Tel. 80 
1.4 2a : 
44 40 57 
34 34 - 


WASTE WATER 
3785 L tank 


effluent 


55 
169 
46 
33 
79 
54 
43 


36 


Based on periodic analyses of the Simulated waste water constituents as 
well as daily flow composited samples. 


Based on 10 sample analyses, soluble BOD, to total BOD, equal to 0.8 for 


all units. 
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nitrogen present in septic tank effluents, but left the 
phosphorus largely unchangede 

Bennett and Linstedt (1975) designed a bench scale 
treatment unit to evaluate the efficiency of biological 
Oxidation, sedimentation, filtration end cerbon adsorption 
in treating soap related wastewater for a tome treatment 
systeme The treatment alternatives are shown in Teble II-12.- 

Biological treatment in the pilot treatment unit 
consisted of an aeration reactor and a settling tanke Two 
dual-media, sand-coal filters, were installed to evaluate 
the removal of solids by in-depth filtratione The filters, 
5S5e1 cm in diameter plexiglass columns contained a 27-9 cn 
deep layer of approximately 0-«5S mm diameter silica sande A 
volume of 37.85 L of wastewater passed threugh the filter 
beds every day over a span of four hourSse 

Two columns 1-5 m in length and 664 cm in diameter 
containing 1e1 m of washed virgin activated carbon were 
installed similar to the filter celumns, 27-&5 L of 
wastewater passed through the columns daily over a four Four 
time span, giving a contact time of 20 minutes in each 
carbon bvede 

The authors found that when the influent that had 
received no previous treatment was passed through the filter 
column COD was reduced by 394%, BODs by 45-9%, total solids 
by 117%, dissolved solids by 4.4% and turbidity by 41 -3%-6 
The treatment of other parameters is shown in table 11-14. 


Dual-mediea filtration of an influent that had previously 
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TABLE II-13 


Treatment Alternatives 
(Bennett et al., 1975) 


Aerobic (biological) and sedimentation 
a. No pretreatment 
Filtration 
a. without pretreatment 
b. with pretreatment 
1) aerobic(biological) and sedimentation 
Carbon adsorption 
a. without pretreatment 
b. with pretreatment 
1) a@robic(biological) and sedimentation 
2) filtration 
3) aerobic(biological), sedimentation and 


filtration 
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TABLE II-14 


POLLUTION REDUCTION 

TYPE OF TREATMENT: DUAL MEDIA FILTRATION 
WITHOUT PRETREATMENT 
(Bennett et al, 1975) 


SAMPLE POINT 


11 2a08 Dual Media 
Anthracite Filter 
Parameter Influent Coal Effluent 
COD (mg/L) Cla 143 129 
BOD (mg/L) 85 50 46 
is. (mg/L) 299 249 264 
TFS (mg/L) 183 ns 176 
TVS (mg/L) 116 76 88 
DS (mg/L) 206 189 197 
FDS (mg/L) 15] 139 137 
VDS (mg/L) 55 50 60 
Total-PO, (mg/L) TORZ 9.0 ede) 
as P 
Ortho-PO, (mg/L) 3.0 2.8 2.0 
ashe 
NH3-N (mg/L) 0 0 0 
Organic-N (mg/L) te ies Pes 
Turbidity (JTU) 46 26 27 


Coliforms (#/100 mL) Pec : iss Ae0 
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been passed through biological treatment and subseguent 
sedimentation was not effective in removing the remaining 
pollutants presente The quality of the influent and the 
effluent were nearly identical with the exception of 
turbidity and organic nitrogene The reason fer this 
behaviour could be that pollution in the influent was 
primarily dissolved since it had been treated in eeration 
and sedimentation reactorse Therefore, the pollutants were 
not susceptible to capture in a dual-media filter. 

In both kinds of filter treatment, coliforms were not 
removed indicating the need for disinfection or other 
alternate treatment methode 

Four degrees of pretreatment were used wken utilizing 
carbon adsorption columnse They are as follows: 

1. No previous treatment 

2e Dual-media filtration 

Ge Extended aeration and sedimentation 

4. Extended aeration, sedimentation, and dual-media 
filtration 

The most efficient system was found to be 

aeration-sedimentation followed by carbon adsorptione The 

high quality effluent from the aeration unit when further 

treated with carbon resulted in an effluent with a BODs of 6 

mg/L, suspended solids of 22 mg/L and turbidity of 641 JTU- 

Bennett and Linstedt (1975) suggested that this effluent, 

after disinfection, would be acceptable for many reuse 
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They concluded that plain aeration treatment with a 4 
day detention time was an effective method for stabilizing 
the BODs of soap related wastese 
Disinfection 

Disinfection is the process of destroying the majority 
of microorganisms in or on a substance with the probability 
that all pathegenic bacteria are destroyed, that is, 
selective destruction of disease-causing organismse In the 
field of wastewater treatment, the two catergories of human 
enteric organisms of the greatest consequence in producing 
diseases are bacteria and viruseSse 

Disinfection is most commonly accomplished by the use 
of either chemical agents or physical agentse Chemical 
agents that can be used include chlorine and its compcecunds, 
bromine, iodine, ozone and limee Physical disinfectants that 
can be used are heat and light (UV radiation). 

Heat is not a feasible means of disinfectirg large 
quantities of wastewater because of the high energy coste 
The efficiency of UV radiation depends on the penetration of 
the rays into watere Microorganisms, as well as suspended 
matter, dissolved organic molecules and water will absorb 
the radiatione 

At present, the most common method of disinfectirg 
wastewater is by the addition of chlorinee However, some of 
the adverse effects that may be caused by the addition of 
chlorine, including the possible formation of carcinogenic 


compounds, are only now becoming appreciated, end a variety 
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of other means for achieving the disinfection of wastewater 
are currently under investigatione 

The most common chlorine compounds used in wastewater 
treatment plants are chlorine gas, calcium hypochlorite, 
sodium hypochlorite and chlorine dioxidee 

When chlorine gas is dissolved in water, it hydrolizes 
rapidly, forming hypochlorous acid (HOClL), which can further 
ionize to form hypochlorite ion (OCl ) and hydrogen ion 
(H+). The amount of each chlorine species present at any 
time is somewhat dependent on ionic strength and 
temverature, but is primarily dependent on pHe At pH 6¢0, 
more than 95% of free chlorine exists as HOCl, while at pH 
10, over 95% is OCl. The relative distribution of HOCL and 
OCL in water is very important because the killing 
efficiency of HOCL is about 40 to 80 times that of OCL . The 
quantity of HOCL and OCL that is present in water is called 
free available chlorinee The application of hypcechlorites to 
water results ina similar distribution of hypochlorus acid 
and hypochlorite ione In wastewater, the free chlcecrine 
species combine with ammonia to form chloramijines in the 
successive reactions: 

HOCL + NH3z = NHoCl + HoO _(1) 

NHeClt + HOCL = NHClo + H20 -=--( 2) 


NHCls + HOCL NCl3 + H2O ---(3) 


These reactions are extremely rapid ard will occur 
preferentially to disinfection because hypechlorous acid is 


very active oxidizing agente The reactions are very 
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dependent on the pH, temperature, contact time and on the 
initial ratio of chlorine to ammonia (White, 1972). At pH 6, 
dichloramines (NHCls) predominate while at pH 10, almost all 
of the chlorine will exist as monochloramines (NHoCl)e The 
chlorine in the two predominant species, NHeoCL and NHClo, is 
called combined available chlorine. These chloramines also 
serve as disinfectants although they are extremely 
slow-reacting.e 

Once all the ammonia present has reacted with chlorine, 
further addition of chlorine leads to the conversion of some 
chloramines to nitrogen trichloride, oxidation of 
chloramines to nitrous oxide(No20) and nitrogen (No), 
reduction of chlorine to chloride ion, may occur according 
to following reactions: 

NHoCl + NHClo + HOCL = NoO + 4HCL ---(4) 
4NHeClL + 3Clo + HeO0 = No + NoO + 10HCL ---(5) 
2NHeCl + HOCL = No + HoO + BHCL ---(6) 

NHoCL + NEClo = No + SHCl ---(7) 

After most chloramines have been oxidized, additional 
chlorine added to water produces free chlorine residuals 
(HOCL, OCU ). Chlorination of water to the extent that all 
ammonia is converted to nitrogen trichloride or oxidized to 
free nitrogen or other gases is referred to as "breakpoint 
chlorination ". 

The main reason for adding enough chlorire to obtain a 
free chlorine residual is that usually disinfection is 


thereby assurede However, chlorination beyond the breakpoint 
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to obtain free hypochlorous acid is not economically 
feasible he many Situationse In such cases, the contact time 
becomes important since HOC and monochloramine are equally 
effective as disinfecting compounds, only the contact time 
required is different (Metcalf and Eddy, 1979). 

Dichloramine is a more potent germicide than 
monochloraminee At pH 4.5 and with 0.5 ppm chloremine 
(probably 100% dichloramine) disinfection was achieved in 20 
minutes, whereas at pH 8.6 (probably 100% monochlocramine) it 
required 60 minutes (White, 1972). 

The relative germicidal value of the three chlorine 
residuals (HOCL,OCL and monochloramine) has been summarized 
for Eecolti by Clarke et ale (1964). At a O41 me/L residual 
chlorine, to give a 99% reduction of Eecoli, a 66 fold 
increase in contact time with OClL ion and a 300 fold 
increase in time with monochltloramine is required compared to 
contact time with HOCl. 

Bennett and Linstedt (1975) found essentially 
negligible coliform count(<11/100 mL) using in one case 
diluted Laundry bleach (NaOCl) and an air lift feeder ard in 
the second approach using chlorine tablet feeder which 
introduced calcium hyvochlorite tablets or crlorinated 
isocyanurates into the storage tanke 

As domestic wastewater will Likely contain ammonia or 
organic nitrogen as TKN, the prime disinfectant will be 
monochloramine if breakpoint chlorination is not usede 


Collins et ale (1970) indicate that a 32 minute contact tine 
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would be necessary for a 99% reduction of coliformse White 
(1974) investigated disinfection practice at 26 California 
treatment plants during a é month period in 1972. His data 
indicated that disinfection of both primary and secondery 
plant effluents was capable fo achieving extremely low 
bacterial counts (approxe 10/190 mL)e However, optimum 
residuals were 3-4 mg/L after a contact time for an initial 
chlorine demand of less than 15 me/Le He suggested that 
initial mixing was of major importance particularly if 
chlorine demand is highe 

Johnson et ale (1978) found that adequate disinfection 
was obtained with combined chlorine residual withir oa 
contact period of 60 minutes or less for primary erd 
secondary as well as filtered and unfiltered lagoon 
effluentse Combined chlorine residuals of between 0-5 and 
1-0 mg/L were found to be adequate in reducing fecat 
coliform below the discharge standard of 200/100 mLe This 
residual was produced by a chlorine dose of between 2-2 me/L 
for waste stabilization lagoon effluent. Filtering of lagoon 
effluent through intermittent sand filters pricr to 
chlorination was found to reduce chlorine demerd and enkance 
disinfection efficiencye 

According to the UeSe Envirormental Protection Agency 
task force report (EPA,1976) enteroviruses, such as potio 
and coxsackie viruses, appear to be more resistant, in 
general, than bacteria to chlorinee Clark et ale (1964) 


indicated that a 4 fold increase in contact time for 
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Poliovirus type 1 and a 20 fold increese in contact time for 
Coxsackie A2 was required, relative to Escoli, to obtain a 
99% kill. 

Unfortunately, definitive data on viricidal efficiency 
of the chlorination process is not available at presente It 
appears that chlorination beyond the breakpoint to obtain 
free chlorine will be required to kill many of the viruses 
of ccencerne However, many of the orgenic compounds found in 
wastewater react with chlorine to form toxic cempounds that 
can have tong-term adverse effects. Several investigators 
(Esvelt et ale 19733 Merkens, 19583 Zillich, 19723 Arthur 
end Eaton, 19713; Brungs, 1973) have found acute toxic 
effects of chlorine residuals to test fish. 

Although no direct evidence is availatle cf ary human 
health hazards from halogenated hydrocarbons, a statistical 
relationship appears to have been observed between the 
presence of certain chlorinated hydrocarbons (chloroform, 
for example) and a slightly larger incidence of some types 
of cancer in humans (Alavanija et ale, 1977 )e 

To minimize the effects of potentially tcexic chlorine 
residuals on the environment, it has been found necessary to 
dechlorinate wastewater treated with chlorine. 
Dechlorination is the practice of removing the total 
combined chlorine residual that exists after chlorination. 
Sulfur dioxide, activated carbon, sodium sulfite and sodium 
metabisulfite have been used as dechlorinating agentse 


Snoeyink and Suidan (1975) found SO2 to be the most suitable 
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dechlorinating agent because the same type of feed equipment 
can be used as is used for the dosing of chlorinee Gan et 
ale (1978) also concluded that SOs is the most preferred 
method for dechlorination of wastewater in California, and 
is a more cost-effective process than activated carbone 
However, they found bacteriological aftergrowth in some 
microorganism populations after dechlorinatione Regrowth is 
defined as the increase in numbers of viable bacteria 
following their reduction by a bactericidal substancee 
Regrowth was observed predominantly for total coliforms. 
There was some increase in fecal coliforms but fecal 
streptococci in the effluent remained relatively unchanged 
after dechlorination, suggesting a different potential for 
regrowth for different groups of crganismse 

Regrowth has elso been found to occur in chlorinated 
effluentse Regrowth of both fecal and total coliforms was 
observed by Shuval et ale (1973) in a well treated 
wastewater after 50 hourse Fecal coliforms did not generally 
show regrowth to the same extent as coliformse There 
appeared to be an inverse relationship between the 
occurrence of regrowth in the holding tank and (1) the 
residual chlorine in the tank and (2) the number of bacteria 
surviving chlorinatione The latter relationsrip may be due 
to the general absence of competitive microflora and/or to 
the fact that the wastewater effluent provides sufficient 
nutrients to allow for the regrowth and maintenance of a 


certain level of coliformse When the coliform counts are 
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reduced to below that level they may be able te regrow, but 
when the coliform count after chlorination remains higher 
than that level, there are insufficient nutrients to allow 
for further growthe 

Deaner and Kerri (1969) were unatle to detect regrowth 
of fecal coliform in river water receiving sewage treatment 
plant effluent. They attribute this absence of regrowth to a 
low level of nutrients in the receiving water and the short 
time interval of testing for regrowth , that is 5 hours 
after discharge. 

Studies have demonstrated different cepecities of 
regrowth for different groups of coliformse Therefore, cone 
cannot assume that when coliforms regrow, the pathogens are 
regrowing as welle Some studies have been conducted 
regarding regrowth phenomenon of pathogens, although such 
has not been demonstrated conclusively. 

Wastewater disinfection in the cold northern regions of 
Canada presents some difficult problemse The chemical 
reaction rate of chlorine with wastewater constituents 
decreases with decreasing temveraturese Consequertly, the 
speed with which disinfection proceeds is elso reducede 
Further, the survival time of sewage bacteria in the cold 
streams and rivers has been found to te lorger than in the 
warmer southern waters (Gordon, 1972)e For trese reasons 
chlorine contact time may have to be longer than normally 
employed in the warmer zonese As an additionel precaution a 


chlorine residual of 1 mg/L is maintained in Alaska (Gorury, 
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1975) which is higher than the normal valuese 

Roberts and Vajdic (1974) found chlorine dioxide to be 
@a superior disinfectant to chlorinee Bactericidal efficiency 
of chlorine dioxide was comparable to that of chlorine in 
the neutral pH range, but increased significantly with pH. 
Thus, chlorine dioxide is possibly a more effective 
disinfectant for the treatment of sewage effluentse 

Moffa et ale (1975) reported reduction of total 
coliform, fecal coliform and fecal streptococci to 1000, 200 
and 200 colonies per 100 mL, respectively, by 2 minutes 
contact at disinfectant dosages of 25 me/L ckrlorine or 12 
mg/L chlorine dioxidee They also fourd five log reductions 
in two test virus typese 

However, chlorine dioxide is more irritable, more toxic 
end more expensive than chlorine and highly unstable in both 
the gaseous and liquid forme It is highly explosive ata 
elight change in temperature or when exposed to Lighte 
Therefore, it is normally produced on sitee In aqueous 
solution chlorine dioxide is harmless. The advantages of 
chlorine dioxide are that it does not react with ammonia nor 
does it dissociate in watere 

Another alternative to chlorine, that has been examined 
for wastewater disinfection is brominee The major advantage 
of bromine is that bromamines are better disinfectants and 
less stable than chloraminese The bromamines are reported to 
break down into harmless elements in less than an hour 


(Gorur, 1975). Sollo et ale (1975) compared the use of 
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chlorine and bromine at pH values of 6¢0, 7e5 and 9e0e They 
observed that although the two halogens perfcrmed similarly 
at pH 7.5, chlorine was ne times as effective at pH 6-0 
and bromine was three times as effective at pH 9-0. This is 
due to the relative disinfecting capabilities of chloramines 
and bromaminese At lower pH relatively unstable dibromamine 
is formed and at higher pH values the more stable 
monobromamine is formede Chlorine is less effective at high 
pH due to the formation of OCl which is a much weaker 
disinfectant than HOClU. 

Johnson and Sun (1975) found similar results when 
comparing the efficiencies of bromine and chlorine in the 
destruction of coliform organisms in en alum coagulated 
trickling filter effluent. 

Cramer et ale (1976) examined the performance of 
chlorine and iodine on poliovirus III ard F2 bacterial 
viruse They found iodine to be superior to crlorine at 
higher pH valuese However, iodine is much more expensive 
than chlorine and higher concentrations are required to 
produce a compareble bacterial kille An advartage of using 
iodine as a disinfectant is that it does not react with 
ammoniae 

Cne of the most promising chemical disinfectant that 
has recently received a great deal of attention is ozone, 
especially for disinfecting dilute, low-temperature 
wastewaters. Ozone does not form toxic compounds in 


wastewatere However, because of the unstable nature of ozone 
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it cennot be stored and transported and consequently on-site 
generation is necessarye 

Diaver (1975) examined the performance ef ozone using 
two ozone contact columns and venturi injectors for mixing 
the secondary effluent with the ozonee He found that at a 
ozone dose of about 6 mg/L substantial reductions in total 
coliform and fecal coliform occurrede 

Singer and Zilli (1975) examined the czonation of 
ammonia in wastewater and found that if the wasteweter can 
be maintained alkaline (pH 7 to 9) the process is effectivee 

In another study, Wynn et ale (1973) examined tertiary 
treatment of wastewater with ozone in a nomiral 190 m?7/ad 
pilot plant. The Most Probable Numbers for standard plate 
count, total coliform and Eecoli were reduced to the 
detection Limit when pretreated westewater was disinfected 
with ozonee 

Three recent studies (Cairns et ale, 19773 Guirguis et 
ale, 19753 Ward et ale, 1977) reported difficulties with 
ozone wastewater treatment systemse Guirguis et ale (1975) 
found the application of ozone impractical at the Cleveland 
Westerly Wastewater Treatment Plant due to several operating 
conditions such as wide variation in influent parameters, 
non-domestic organic and inorganic material coming through 
the pilot plant and the need to vary the dosage frequently 
to maintain optimum performancee The report by Ward et ale 
(1977) noted that the disinfection capability of ozone was 


often Limited by an inadequate dosage resulting from design 
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Limitations, mechanical failures and operator inexperience. 

Nebel et ale (1976) suggested the ranges of dosages for 
wastewater treatment, ee ceuten in Table II-15-e Nebel et gale 
(1973) reported that a concentration cf 0.1 mg/L of ozone 
required 0.8 minutes to achieve 99.9% reducticn in bacteria 
compared to 250 minutes for the same concertration of 
chlorinee They also showed that coliforms and pathogens are 
reduced to tevels below the legal requirements by ozone 
dosages of 5-8 mg/L for secondary municipal effluents. 

Kinman (1974) examined ozone disinfection of dilute 
wastewater and found that for 10 and 20% wastewater 
dilutions and ozone concentrations between 2-10 and 3.49 
mg/L, total bacteria were reduced by 99.6% and totel 
coliform were reduced by 99.7% in one minutee 

Ross et ale (1975) used Pseudomonas seruginosa to 
compare chlorine and ozone as disinfectantse They found 
ozone to be much more efficient in water witt a chlorine 
demand such as ammoniae 

Several studies have been conducted orn the ability of 
ozone to inactivate viruseSe Majumdar et ale (1974) reported 
on the inactivation of poliovirus by ozone in distilled 
water and pretreated secondary effluent at a concentration 
of 1 mg/L ozone. 

Katzenelson and Biedermann (1976) examined the 
destruction of poliovirus 1 in a filtered and frozen 
secondary effluent. At an ozone residual of 0.6 to 1-0 mg/L 


an inactivation of more than 99.9% was achievede 


: i Ma - ion | i A : veut ¢ es fi 


- : pee F 1 
fy ST eer 


+ Oreo Lrgse ys ei egitim ted il saponin baad 
men way Gan altp he engsae ett sereonnan 1aT ae, yate 
vde be Soden walwEr iii tah, Ree ere ota 


sane fe SNR 240 Ro wotdmmbmenneo a oat 


etewrae4 al nebiawber Heo (0 viddhiadGal oy san fer ba, Heid: 


oe 


be ob? een noe Sa om eat ae patente O26 4 


= & 


‘ 


o ee aha po LaPee wf anes wth wold wat olen 


i ae 
shemelre Jeqied aus iene Ka a\yome hie 04 
won te Soa pot aartaktears erete somtmens 4: oreny, 
bt dew ymin ants ati eR bah Of art eae pas 

Or . ips Charen ite get ed nani? attaeenee nenne ae 


Fatat tte HOw 2e et Seowben, oe we soadoad Sabor 
on) erine, ‘eit: wecwtoae one ! 


oP praeilery Behera FROMM nome | barihy: ery ia 


Pets) ue “7 .winevoetnield ee ence bine ajangdes 22 
Toe ore rooss hte — 


uy, ot mh oe: nin : 
: F a dal ca ag? te Der oubdem road wend. + ; 
yy 
herecaen (ODOURS «La te vebelev say aur te mike 

fet Mabe ae ROR A Mar LPORS ox DE 


nattanit pede ta: pent be sliicacae 


65 


Subs aa 
0S 
OOL - GL 


1/bu 
obesog au0zo 


++ ete eeeeete 


quan, stsqy Auepuodsas $0 UOLJDa4ULSILG 
497eM 9Lqeq}og UOJ JUaUZeaU] AUepuodaS 


A97eM WUOIS Y Aabemas Auewlud 


JayemM azsem jo adky 


(9/6L Le 29 Laqan) 
GL-II 319VL 


ha } 


t , De he 
svitaa © 4s a hi i i ali us ie : iH mone 
Neier apm ten 1 


h 
(ae 
i 


, an i fi ; ; Th 
Pe, ; 71 ? "y rt ie ni tees ; i % 7 
, hadi a hae 


“psec. 


> 


: We 
= | bi 
| i | = fi 


66 


Pavoni et ale (1974) found 100% efficiency for 
inactivation of F2 virus after 5 minutes contact time with 
an ozone residual of 0.015 me/Le In contrast, a chlorine 
residual of 9 mg/L with 15 minutes contact time was 
necessary for 90% removale 

The cost of ozone treatment is one of the factors 
Limiting its usee Rosen et ale (1975) reported the energy 
requirments for ozone production as 3-263 kwh per kg of ozone 
using air plus 1-59 kwh per kg of ozone for air compression 
and dryinge Besides the generation of ozone, energy is 
required for mixing ozone in the wastewatere Another fector 
Limiting the use of ozone is the potential toxic effects to 
the operating personnele Ozone is known to be a toxic gase 

Morrison e+ ale (1973) examined the use of Lime as a 
disinfectante They reported that even in high concentrations 
of organic matter and low temperature conditions, wastes 
could be disinfected by lime treatment to pH 11-5 or 12.0 
with 30 minutes contact timae They suggested average dosage 
of Lime from 259 to 435 mg/L for raw sewage and 430 to 1000 
mg/L for secondary effluentse However, treatment at pH 
values at or below 11-0 failed to adequately disinfect 
effluents within a reasonable time period at any of the 
treatment temperatures studied (1-159C). The problems 
related with lime treatment are the amount of sludge 
produced and related handling problems and also the 
requirement of pH adjustment of the wasteweter before 
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Similar results were reported by Brouzes et ale (1974). 
At pH 11-5 the total coliform counts recucticn in the 
treatment were approximately 99.998%. The fecal streptococci 
were more resistant showing a reduction of S&%-e Poliovirus 
type 1 virus showed a 99.998% reduction after one tour and 
at the end of 48 hours a total and complete inactivation of 
the virus was observede However, the final effluent efter 
Lime treatment was toxic to fishe Reduction in toxicity was 
noted after pH adjustment to neutrality earnd air stripping to 
remove high COs levelse 

Since the process of Lime treatment is not dependent cn 
temperature, it seems to be particularly suited to 
conditions in northern Canada where severely cold climatic 
conditions prevail during the major part of the year 
(Gorur,1975 )e However, there are associated problems of 
transportation and storing of the needed chemicals and also 
final disposal of lime sludge. 

Another technique for disinfection is by physical 
action on the celle These include the application of 
Gieeavio tee Light, heat, ultrasonic vibration end radietione 
The disinfection of wastewater with UV light is the most 
promisinge It is a simple process to operate, with most 
bacteria being deactivated in seconds and there is no danger 
of overdosee One major drawback to UV irradiation is high 
initial capital investmente The advantage cf UV radiation is 
+hat it does not change the wastewater characteristics as do 


chemical disinfectants (Gorur, 1975 )e 
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Yip and Konasewich (1972) found that all the pathogens 
or viruses investigated were as sensitive or more sensitive 
to UV light than were fecal coliformse 

Initial studies with UV irradiation of sand-filtered 
household effluents have been conducted at Uriversity of 
Wisconsin (EPA, 1977). The results from 4 menths of 
operation with a commercial UV unit are shown in table 
I¥-16. 

Realizing that the chemical characteristics of combined 
wastewater are not the same as greywater, tke above 
Literature review does present a reference base for choosing 


a treatment system for household wastewatere 
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IIIe GREYWATER PRODUCTION AND MANAGENENT IN THE NORTH 
At present, the methods of wastewater collection and 
disposal used in most northern communities are basically of 
two types, holding tank or honey bags which are trucked to 
either sewage lagoons or dumpse Lack of funds for 
conventional water and gravity sewer systems, and narsh 
climatic conditions, will necessitate the cortinued use of 
trucked systems for many years, particularly in the smaller 
settlements in permafrost regionse 

Many communities in the NeWeTe rely on bucket toilets. 
Their contents in plastic bags ('honey-bags!) are picked up 
several times a week and trucked to dumps, or sludge pitse 
Some homes in larger communities use water flush toitets 
which are connected to a storage tank in the home the 
contents of which are pumped out once a week to a 
tank-trucke Normally, other household liquid wastes from 
kitchen sinks, bathtubs, and laundry are also connected to 
the holding tanke Therefore, sewage from holding tanks is 
more dilute than contents of "honey-bags'e In most caseSy 
the holding tank waste is disposed of directly to lande From 
an environmental and public health standpoint such a method 
is undesirable. 

With the exception of a few larger communities, most do 
not practice sewage treatmente Those that do generally use 
lagoonse However, there are inherent drawbecks to this 
method of treatment. In areas of permafrost, leagooning is 


complicated by the presence of ice wedges, or high ice 
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content soile Also, bodies of surface water create an 
appreciable perturbation in the ground thermal regime in 
permafrost areas, leading roe structural and seepage problems 
for the containing embankmentse The town of Baker Lake in 
the Keewatin district has been experiencing such problems 
with the tagoon systeme 

Larger towns in the NeWeTe are now benefiting from the 
advantages of piped water and indoor flush toiletse However, 
the system cannot be buried in many areas for they would 
either freeze up or collapse if their heat melted the 
permafrost. The solution for this problem has been the use 
of utilidors which are weatherproof box structures 
containing the piping within an insulated interior, that are 
installed above ground on pilings, berms or loegse Most 
systems have recirculating heat lines to keep the water and 
sewer line from freezinge Inuvik hes such a system which 
emoties the wastewater into a lagoon for treatmente However, 
this is an expensive system especially for a small 
settlement where houses are quite spread oute This system of 
multiple pipes in a box above ground is now being replaced 
by individually insulated shallow buried water and sewer 
Pipes in permafrost regionse Above ground systems are 
exposed to extremes of temperatures, as well as accidental 
damage, vandalism end present physical barriers that are 
functionally and aesthetically undesirablee Shallow buried 
pipe systems heve or are being installed in Norman Wells, 
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As shown in table III-1 out of approximately 60 
communities in NeWeTe only 11 have piped sewerage systems, 
out of which Six Sonmuditios also have holding tank and/or 
honey bagse Eleven communities use holding tanks for sewage 
and the rest rely on honey bagse Sewage is disposed of on 
land at a dump by approximately 24 communitiese Nire 
communities dispose of sewage to lagoonse 

In most settlements using ‘honey-bags! for toilet 
wastes, kitchen and laundry wastewater is disposed of by 
pipe directly onto the ground surrounding the house (Plate 
III-1).- With proper drainage and ground conditions this 
system might be adequatee However, most northern commurities 
lack suitable soil conditionse Most settlemerts experience 
drainage problems and ponding is not uncommon in these areas 
(Plate III-2).e Large ponds provide a breeding ground for 
mosquitoes and blackfliese Flies are known to be mechanical 
vectors for transmitting the disease shigellosise Since 
greywater may contain a large indicator population, 
suggesting the possible presence of pathogens, ponding of 
greywater can be a public health thazarde Some public health 
officials feel that this greywater contributes to the 
occurrence of diseases, varticularly in childrene As 
mentioned previously, infectious hepatitis, shigellosis, 
gastroenteritis, salmonellosis , streptococcal sore throats 
and tuberculosis have been commonly reported in communities 
in the NeWeTe Table II-1 showed the number of cases of each 


disease reported by the nurses in each community during the 
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period 1974 to 1978. Though no concrete evidence exists as 
to the mode of transmission of the above diseases, greywater 
can be regarded as a possible mode of transmission for two 
reasonse Firstly, before winter freeze-up of greywater, 
children playing in ponds created by greywater could contact 
diseasese Secondly, the spring run off of previously frozen 
greywater can contaminate surface water supplies used for 
drinking purposese 

Several studies have been reported by Smith (1954) on 
effects of freezing and thawing on microorgarismse Various 
experiments have demonstrated conclusively thet a wide 
variety of bacteria and other microorganisms could survive 
cooling and storage at very low temperatures in the frozen 
statee However, different species of bacteria vary in their 
sensitivity to freezing and thawinge Beard (19240) found 
Setyphosa to survive as teng as 24 months at freezing 
+emperaturese Mirzoev (1968) pointed out that in areas with 
prolonged winters ;e@ege,y the Russian Arctic, the processes 
of soil self-disinfection are slowed down cr suspendede He 
showed that low temperatures (down to -459C) were very 
favorable for the survival of dysentery bacilli, which re 
was able to detect 135 days after it had been added to the 
soile 

Thus, if pathogens were to survive freezing and 
thawing, drinking water for some communities may be 
contaminated after svring runoff, since most do not practice 


water treatmente Rather they depend upon the use of a good 
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quality raw sourcee 

Fte Franklin is an excellent example of a community 
experiencing wastewater disposal preblem ard subsequently 
drinking water contaminatione The topograpty of the site is 
such that no matter where sewage is discharged or dumped, it 
will eventually either directly or through surface drainage 
pollute the shore of Great Bear Lake around the settlement. 
Since the lake is the source of water supply, some form of 
wastewater treatment becomes a necessitye The water supply 
system at present consists of tank-truck delivery to 
individual homese This water may be chlorinatede (Heinke, 
1974) 

Other communities experience water cortamination to a 
lesser degree, though the possibility of contamination is 


always vresente 


Ae CASE STUDY: WHALE-COVE 

Whale Cove is a small settlement situated con the west 
coast of Hudson Bay: late 62°909N, longe 9293EW, in the 
district of Keewatine The population of the settlement is 
179, with a large population of children as of September 
1978. All the houses are raised about one and a half feet 
above the grcund by pilings or logse Most community 
residents depend on traditional subsistence hunting and 
fishing for existencee Their diet consists mainly of fish 
(Arctic Char), caribou and sometimes whale blubbere The 


latter produces a high grease content in the wastewater from 
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kitchen sinkse Green vegetables and fruits are not available 
most of the yeare 

Water is a scarce commodity in Whale-Covee It is 
delivered three times a week by a truck from a small lake 
180 m north of the settlement into 170 L plastic tanks at 
each house (Plate III-3)e This lake is deep enough to supply 
water all year rounde 

The Limited water supply creates a stimulus to reduce 
water usee Consequently, the pattern of water usage and the 
volume of wastewater produced differs greatly from the homes 
in the Southe Bathing in each family occurs once ea week, 
dishwashing approximately once a day and laundry about twice 
a weeke Laundering of soiled diavers leads tc a source of 
fecal matter in the greywater producede Reduction of water 
use also results in unusually high concentrations of various 
constituents in the wastewatere 

The collection of domestic refuse is probably the most 
difficult phase of the solid waste problem ir the Canadian 
North and Whale Cove is no exceptione Honey-bags and garbage 
are collected and buried et an area 370 m northeest of the 
settlemente In winter, they are sometimes cumped on the sea 
icee 

Domestic refuse is deposited in 170 L drums prior to 
pick-upe Human wastes, feces and urine, frem bucket toilets 
ere collected in plastic bags, ieee *honey-begs'e The 
householder removes the *honey-bag! from the bucket toilet 


and places the sealed bag in a 170 L drum( used especially 
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for this purpose) in front of his home from where they are 
picked-up twice a week by a trucke Sometimes the bags are 
left on the ground where they ara broken by hirds, dogs or 
children and in the winter they freeze to the ground making 
collection a difficult taske In addition to these toilet 
wastes, househeld liquid wastes generated from kitchen, 
bathroom and ltaundry are disposed of by pipe to the ground 
surrounding the housee 

Whale Cove, being a very small settlement, has a 
nursing station with only a single nursee The station 
consists of three trailer units joined together, one urit is 
used as a clinic, one for storage of materiels and the third 
unit is used as nurse's residencee The nurse's living 
quarters has a 950 L water tank placed in the kitchen, 
covered up by kitchen counterse Urder an insulated, raised 
floor in the bathroom is installed a 950 L holding tank for 
greywater, since here, too a bucket toilet is usede A pire 
leading from the holding tank constantly empties the 
contents onto the surface of ground below the trailer unitse 
Constant emptying of the contents of the tark to the ground 
is frequently replaced by periodic emptying in tre winter to 
prevent the pipe outlet from becoming tlocked by ice@e 
Removal of holding tank wastewater in this manner is 
unpleasant, inconvenient and difficult. 

Sampling of greywater was conducted mainly at the 
nurse's residence from the holding tanke The retention time 


of wastewater in the tank ranged from 6 hours to 24 hours. 
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At the start of the sanpling program, plens were made to 
estimate the volume of wastewater produced from the 
measurement of volume of water usede However, access to 
either the holding tank for greywater or to the water tank 
was not possible and the meter in the water truck was 
brokene Thus, the amount of water used at the nurse's 
residence was estimated to be about 1900 L a week since the 
water tank was filled up approximately twice a weeke Other 
homes in the settlement used 510 L a week for an averace 
family of fivee Approximately 15 L water was used for 
laundry, 8 L in the kitchen, 75 L for bathing and 1 L for 


hand and face washinge 
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IVe GREYWATER CHARACTERISTICS 
In order to study alternatives for the treatment and 
disposal of individual household wastewaters effectively, 
the wastewater quantity and quality originating from these 
homes must be characterizede Wastewater quality studies were 
conducted at the nurse's residence in Wrale Cove, NeWeTe AS 
well, single grab samples were taken from & tomes in Whale 
Covee Holding tank effluent samples were taken from the tank 
at the nursing station during the period of August 21, 1°78 
to September 16, 1978. The samples were tested for 
concentrations of chemical and bacteriological contaminantse 
In addition, some greywater Bs Pe esate obtained from eae 
septic tank from a home equipped with a compost toitet in 
Strathcona County, Alberta and characterized for chemical 
and bacteriological pollutantse Further samples were 
obtained from a residence in Edmonton with mcdified 
plumbinge These were characterized during the period 
February 26 - March 29, 1979. The sampling set up for the 
source in Edmonton is presented in Figure IV-1ta and Figure 


IV-1be 


Ae ANALYTICAL METHODS 

Bacteriological Analysis 

Samples were collected on a daily basis ard 
bacteriological analyses were performed on the same daye 
Fach sample was analysed for total coliforms, fecal 


coliforms and fecal streptococci using the membrane filter 
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Peristaltic Pump 
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3.8 cm dia. Vent (0.6 cm dia.) 
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techniquee Total coliforms were tested accerding to 
procedure outlined in method number 909A (APEA,1975) using 
commercial LES Endo Agare This media was prepared by boiling 
S51 g LES Endo Agar in 1 L distilled water and 20 mL ethanole 
About 4 mL quantities were dispensed into pre-sterilized 
small petri dishese The standard method number 9C9C 
(APHA,1975) was modified for the determinetion of fecal 
coliformse MFC agar media was prepared using 52 g commercial 
MFC ager in 1L distilled water containing 10 mL of 1% 
rosolic acid in 0-2 N sodium hydroxide. Agein 4 mL 
quantities were dispensed to pre-sterilized emall petri 
dishese 

Fecal streptococci were analysed using the membrane 
filter technique outlined in method number 9105 (APHA,1975) 
except Entrococcus agar media was used rather thar KF 
strevtococcus agar mediae 42 g commericial entrecoccus ager 
media was boiled in 1 L distilled water ard dispensed to 
small petri dishes. Entrococcus agar media was easier and 
more convenient to prepare than KF agar medie under the 
primitive and confined "Laboratory" conditions available for 
microbiological work in Whale Covee Both entrococcus and KF 
agar media were used for samples from Strathcona County 
which were analysed in Edmontone It was found that the 
temperature at which 1% solution of 
2,3,5-triphenyltetrazolium chloride was added to KF agar 
media had to be carefully kept between 50-60°C. No 


appreciable difference in numbers of colonies was noted 
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between the two types of aédin used for the same sample. 

Membrane filter colonies are best countec with a 
magnification of 10 to 15 diameters either with the use of a 
binocular wide-field dissecting microscope or a small 
fluorescent llamo with a magnifier. However, due to the 
difficulties in transporting expensive instruments to Whale 
Cove, the colonies were counted with naked eyee A micrescope 
was used for counting colonies of samples cbtained from the 
sources in Strathcona County and in Edmontcne 

In addition total bacterial counts were performed using 
method number 907 (APHA,1975) except that two incubation 
procedures, one at 359C for 24 hours and thre other at 209C 
for 48 hours were usede Since an incubator at 20°C was not 
available in Whale Cove the samples were set cut on a bench 
top at room temperature which was approximately 189°C. 

Total Grganic Carbon (TOC) 

Samples were preserved with 1 mL/L of cencentrated 
sulphuric acid and stored at 49°C until transported back to 
Edmontone Ultrasonic disruption of the acidified sample was 
adopted before analysis for TOC due to the nature of 
suspended solids in many of the samplese TCC was determined 
using a Beckman Model 915 Total Carbon Anelyser, method 
number 505 (APHA,1975)e Since the samples were acidified, 
inorganic carbon was not present and the total carbon 
channel measured total organic carbone 


Suspended Solids 


Suspended solids analyses were performed using 2e1 cm 
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glass fiber filter disk and membrane filter apparatus 
according to method number 208D (APHA,1975). Tre sample size 
was decreased from 100 mL as suggested in standard methods 
to SO mL due to high non-filtrable residue. Suspended solids 
should be analyzed soon after sample collectione However, 
Since a balance was not available in Whale Cove, samples 
were voreserved with 1 mL/L sulphuric acid and refrigerated 
at 49C, prior to subsequent analysis in Edmorntone 
Phosphate]? Analysis 

Since a long holding time for samples wes required, the 
samples were preserved with 40 mg HgeClo per liter and 
refrigerated at 09°C until transported to Edmontone The 
following methods were tested for phosphate analysis: 
te Vanamolybdophosphoric acid, method number 425De 

(APHA,1975) 

2 Ascorbic acid, method number 425Fe (APHA,197§& ) 


3e Automated ascorbic acid, method number 6066. (APHA,1975) 


Vanamolybdophosphoric acid method 

Figure IV-2 shows the calibration curve for 
phosphate between concentrations cf 25-15 mg/L measured 
at three different wavelengthse AS Seen, measurement at 
wavelength of 470 nm is the most suitable, since a 
straight line graph is obtainede To test the accuracy of 
the method, e 50 mL sample of greywater containing 9.0 


mg/L PO4-P was spiked with 0.1219@ standerd Potassium 
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Calibration Curve for Phosphorus Determination using 
Vanamolybdophosphoric Acid Method 
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dihydrogen phosphate, ieee 556 mg/L PC«-Pe The epniked 
sample was found to contain 525 mg/L PO,4-P giving a 
recovery of 94%. 

To test the effect of preserving the sample, the 
sample was spiked and preserved for 5 dayse Again the 
94% PO,g-P was recovered showing preservation of sample 
had no effect on the analysise 

Since the vanamolybdophosphoric acid method does 
not detect PO«-P below 1 mg/L, this method was 


abandonede 


Ascorbic acid method 

The minimum detectable concentration by this method 
is approximately 10 microgram P/Le Mercury chloride, 
used as a preservative, interferes when the chloride 
level of the sample is low (<50 mgCl/L)e- This 
interference is overcome by spiking semples with a 
minimum of 50 me/L of sodium chloridee (UeSe EPA, 1976) 
To ascertain this interference two calibration curves 
were prepared. One set of standards cortained 0.1 mL of 
S g/l HgClo, while the other cet of standards was 
prepared without HgCloe AS shown in Figure [V-3, HgCloa 
causes positive interference. 

The procedure followed was the one outlined in 
method 425F (APHA,1975) with the following chrangese 


The sample volume was reduced to 10 mL from 50 mL 
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Calibration Curve for Phosphorus Determination using 


Ascorbic Acid Method 
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Fig. IV-3 
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so that 25 mL test-tubes could be used as reaction 
vessel. This reduction required 1.6 mL mixed reagent. 
O.1 mL of 12.5 g/L NaCl solution was added to the 10 mL 
sample, to overcome the interferencee 

For the determination of total phosphate, the 
sample was digested using 0-5 mL 5 N sulphuric acid and 
0-2 g ammonium persulfate in a 25 mL samplee The 
solutien was heated in a pressure cooker at 1e(3 xX 109 
Pa for 30 minutes, cooled and neutralized with 1 N NaOH 
prior to determination of concentration of PO4-P by the 
ascorbic acid method. 

As shown in Figure IV-4, the recovery of phosptate 
was low showing that the digestion procedure was not 
effectivee The reason for this behaviour is not known. 
Since an Ortho-PO.4« standard was used, the PO« did not 
require digestione It was decided to use a more rigorous 
cigestion proceduree To 25 mL sample Oel mL FgeCloa, Oeil 
mL NaCl, Oe5 mL 11 N HoSOg and Oe2 ge anmonium 
persulphate were added and the semple digested. Figure 
IV-5S shows a good recovery of POe, at the same time 
showing that the effect of HgClo kas been eliminated by 
the addition of NaCle 

However, in a similar test conducted following the 
test above, Peery eo in samples was observed after 
neutralization but prior to addition of mixed reagent. 
Elimination of the neutralization step produced the 


results shown in figure IV-6e Unneutralized samples 


“pebronet ne Stim ose 
chorea Dax hae Le Bit r 


ve 


ooneneteetnl oat sanorove ® 


ard? Ant = SSE beara a9 moltaainnu re 4 ie 208%. 
pe, Pel , 
bose bles Pi to « “p Iw 240 wallow betas 


i’ ‘ 


_ 
he ON eee 
th ea Jams * 
oe : 7 
7 


natipetaniek de 8 wud saunas antienee 8 4 


Bias == 


OL X% COed Pe, aetooy ‘wibpewenn emt bet oat sae ave 
ae 

HOew Ut Ceiw Sowllertoat bas atria yaotontn 06, . at 
F ae 1 1 aves 


ye 
ft rd %+,09 Be aokte ASeRenes ka “ott aahen es ee mich , 
wari, cs 8 

sbagtem wise ,' 


a - 
aretaaaty 4 ree ape ety ~ dV event al et ) 


tor aew. souhesore Avhteemls od? Pane cn leras ook 


souenn Ton. 8) seo twaned wa eb anh AoRAnT oan vevava 
tay bio 0% ect” y» bbe saw ON athoete sodmontag: ar “a 
wcetan ts atoq, ec own OF hbebiogh sow Ft saokt owas 
1.0 gg low de feO eiqanegiee Ok OT ‘see ece se aed 
Winn 24 eae a0? 8 W ea fei Boo iden 4 

sve s9 resents asyeen @8t toa reba eaten ees 
sai? sume oa? fe » eGR Bo or Orne neon # aeote 2 

et began tad ie ‘epid met abtae to +a07¥e way tee nina = 
Jone he mab hnba wie |) 


ia 


| | 
Hay sxiwol low ina tect ustinin o al ssevanatl oo. ae 
ced ke Beenie Sam woTamee ao) <thh tang yerods taet 
cS ira et. ee hee Seger ibnn of celeg ted golt Pave 
wil 9 aputici aah opitaxsi ov vuen due Be apie us: 
sehesae wsalentins oO -wrael® saat 


a : : if 


Abs. 


Effect of Digestion of Sample on Calibration Curve 
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Effect of Sodium Chloride addition on Calibration 
Curve for Phosphorus 
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produced lower results, though a streight line 
calibration curve was obtainede Only high concentrations 
Of POq, Showed the turbidity effect for samples 
neutralized with NaOWe To overcome the above effect, 
potassium persulphate instead of ammonium persulphate 
was used in the digestion proceduree The turbidity was 
removed and a linear calibration curve up to a PO. 
concentration of 0.25 mg P/L was obteined (FigeIV-7). 
All the greywater samples were diluted to obtain an 


absorbance measurement in the Linear rangee 


Automated technique 

The samples were also analysed using an automated 
technique for phosphate according to method number 606 
(APHA,1975) using the Technicon AutoAnalyzer II system 
with the addition of 50 mg/L NaCle To check that the 
method was suitable for the samples concerned, a sample 
was spiked with four different concentretions of 
standard potassium dihydrogen phosphate (Ocel, Oe2, 0-3, 
0.4 mg/L)e The mean % recovery of the 4 test 
concentration was found to be &5%e The results were 
similar to the results obtained by manual Ascorbic acid 
methode Therefore, the automated ascorbic acid method 
was used for all the samples analyzed in this projecte 


Nitrate Analysis 


Nitrate is a difficult determination tecause of the 
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Effect of Potassium Persulfate on Calibration Curve 


for Phosphorus 
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high probability that interfering constituents will be 


present particularly in domestic wastewater samplese 


Brucine method 

Brucine method number 419D (APHA,1975) was found to 
be unsuitable for determining NO3-N in greywater 
samplese The calibration curve was not linear as shown 
in Figure IV-8. Also, spiking the samples with standard 


potassium nitrate gave a recovery of only 43%. 


Cadmium reduction method 

Cadmium reduction method number 419C (APHA,1975) 
was examined for determination of NO3s-N for greywater 
samples. This method was adopted with the recuction of 
sample size to 10 mL which required 0-2 mL of 
sulfanilamide solution and 0.2 mL 
1l-naphthyl-ethylenediamine solution for color 
developmente The NOs-N and NO3-N calibration curves are 
shown in Figures TV-S%and IV-10 respectivelye 

The samples from Whale Ceve were preserved with 40 
mg/L HgClo and filtered with acid washed 0-45 micrometer 
millipore filter papere The samples obtained from the 
greywater septic tank from the home in Strathcona County 
were analysed on the came daye However, difficulties 


were encountered in the reduction by the cadmium columne 
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Calibration Curve for Nitrate Determination 


using Brucine Method 
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Calibration Curve for Nitrite Determination 


using Cadmium Reduction Method 
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Calibration Curve for Nitrate Determination 
using Cadmium Reduction Method 
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The efficiency of the cadmium column dropped drastically 
after passing about three samples throvekt the columne 
Adjusting the pH of samples did not solve this probleme 
Available time did not permit a thorough investigation 
of the difficulties encountered with manual cadmium 
reduction methode Thus, the method was abandened for 
eutomated cadmium method number 605¢- (APHA,197&) By this 
method the cadmium column efficiency wes not affected by 
the samplese However, only a negligible amount of NO3-N 
was present in greywater samples. Therefore nitrates 
were not detected since the lower detection limit of the 
method is 0.5 mg/Le To verify that negligible amounts of 
NO3-N were present in the greywater samples, the method 
was tested by spiking 2 samvlese For both samples, 100% 
recovery was noted when 0-3 and 0.4 mege/L spiking 
concentrations were usede The above results show that 
there are no interferences present in the sample that 
would make the method unsuitable for determining NO3-N 
in greywatere All the samples were analysed for NO3-N 
using the automated cadmium reduction methode With the 
exception of one sample from Whale Cove (0.5 me/L 
NO3-N), none of the samples showed any detectable amount 
of NO3-Ne This sample was taken from leundry washweter 
from a family of 5, two adults and 3 children of ages 
12, 3 and 2. 


Ammonia Analysis 


Ammonia-nitrogen was determined by automated phenate 
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method using the AutoAnalyzer II systeme The method adopted 
was the one issued by Technicon Industrial systems and is 
provided in the Appendixe 

The samples from Whale Cove were preserved with 1 mL/L 
concentrated sulphuric acide The samples from Edmonton were 
refrigerated at 0[9C and analyses on these samples were 
performed on a weekly basis. To remove color in the samples, 
25 mL portions of samples were distilled using borate buffer 
solution and collected in sulphuric acide 

Nine greywater samples from Edmonton were analyzed 
using the acidimetric method number 418D ( APHA,1975 )e In 
most of the semples, ammonia was not detected, showing that 
if any NH3 was present, it was present in very low amounts 
(below 0-5 mg/L)e Concentration values of below 065 mg/L 
were obtained from the automated phenate methode Thus 
spiking experiments were not performed for NH3-N analysese 
Total Kjeldahl Nitrogen Analysis 

TKN was determined according to the procedure outlined 
in method number 421 (APHA,1975) followed by titrimetric 
detection outlined in method 418D (APHA,1$975 )e A 250 mL 
sample was digested for two and a half fourse The digestion 
time was kept constant for samples and blankse Spiking 
experiments were not performed to determine the suitability 
of this methode 

The analysis was performed on a daily basis on fresh 


samples obtained from the home in Edmontone 
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Be RESULTS 

The data generated from the project ere listed in the 
appendix in tables A1-A3e The plots of pollutant parameters 
with respect ot time fail to indicate any obvious systematic 
variation (Figures IV-11 to IV-27). If this is so, then the 
fluctuations are random and a normal distribution may applye 
However, for all the parameters examined, plots of 
cumulative probability versus concentration (Figse A1-A1l6)y, 
demonstrated that the data do not follow a normal 
distributione The data is found to possibly follew a log 
normel distributione A Kolmogorov-Smirmov, goodness of fit 
test was performed to ascertain the null hypothesis that the 
data follows a log normal distributione Since, for most of 
the parameters the observed D is less than the critical 
value at a significant level of 20% (tables IV-4 and IV-F) 
we do not have sufficient evidence to warrent rejection of 
the null hypothesis and a log normal distribution was 
appropriatee 

For a log normal distribution, the geometric mean is 
the most efficient estimator for measuring the central value 
of the distributione Tables IV-1 to IV-5 show the geometric 
means, and standard deviations for the three sets of datare 

From the Figures A17 to A32, it is clear that, normally 
a large scatter in the values derived from chemical and 
bacteriological analyses must be expectede 

In routine bacteriological analysis, a considerable 


spread in results must be expectede In addition, one could 
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Grey Water Characteristics of Winter Samples from 


Strathcona County: Jan. 16 to Jan. 24, 1979 


Parameter Geom. mean 
Total coli elena” 
Fecal coli Ve oe 
Fecal strep Nee? | 10° 
TOC (mg/L) eh 2es 
S. Solids (mg/L) 247.3 
T-PO, (mg/L) Biclage: 
0-PO, (mg/L) 3.620 
NH (mg/L) 0.06 


log. std. 


deviation 


Total coliforms, Fecal coliforms, & Fecal 
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expect a very great variation in the degree of pollutant 
loading in the greywatere This variation in concentratior 
would seem to be sufficient to explain the very great spread 
which is characteristic of the analysis values of coliforms. 
Olsson et al (1968), suggested that the bacterial 
contribution from the laundry water wes of little importance 
mainly because of the presence of bactericidal constituents 
in detergents and because of the relative high temperatures 
used for the majority of washing cyclese However, one sample 
from Whale Cove that consisted entirely of laundry washwater 
showed a high concentration of phosphates as well as high 
concentration of coliformse If coliforms survive in the 
laundry washwater, there is a greater possibility for 
viruses to survive since they are more resistant to 
disinfection than coliformse Based upon a statistical 
analysis of the measured parameters, the dispersions about 
the meen values were found to be large as evidenced by large 
standard deviations and wide rangese For exarple, the mean 
value for total phosphorus based on 30 samples was 2.2 me/L 
with a log standard deviation of 0-35 mg/L for the set of 
data from Whale Cove and 2.08 me/L with a tog standard 
deviation of 0.78 me/L for the data from Edmentone One 
extreme value was noted for phosphate analysise No error in 
analysis was found for this samplee Upon investigating the 
source of the sample, it was found that the sample contained 
laundry washwater onlye Similarly, O-PO« and NH3z show large 


standard deviations for both sets of datae But this is as 
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expected in light of the variations in day to day habits at 
a given home and the variations in the wastewater quality 
produced by the individual household events. 

In order to justify using greywater samples from 
Edmonton for treatability experiments, t-tests were 
performed for all the parametrers to determine whether 
Significant difference existed between the samples from 
Edmonton and samples from Whale Covee The results are 
provided in table [V-6.- 

A summary of water use survey is presented in Figure 
IV-28 showing the total daily water usuage in a family of 
threee The amount of greywater produced is assumed to be 
equal to the amount of water used in the house excluding the 
amount of water used in toilet flushing. 

The amount of water used, hence the amount of greywater 
produced can have two effects on the corcentration of 
pollutent parameterse On the one hand, the greater the 
amount of water used, the larger the dilution available and 
hence concentrations might be expected to decrease 
accordinglye On the other hand, the greater amount of water 
used may be indicative of dirty household event discharges, 
which may cause an increase in concentration along with an 
increase in wastewater producede 

However, analyses of water use data and concentrations 
of pollution parameters show no correlation at all, for the 
Edmonton samplese (Figse A33-A40 and table IV-7). 


In general, the results from this stucy compare 
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Daily Water Usage: Edmonton 
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TABLE IV-=7 


Correlation Coefficient Analysis 
between water use & parameter 


Parameter Correlation 
Coefficient, 
@ 
Total coliforms 0.165 
Fecal coliforms Q3247 
Fecal strep. -0.392 
TOC 05052 
S =solids Oliy. 
T-P0q -0.042 
0-PO, 0.057 
NH.,-N Cali 
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favorably with those of earlier investigators. Tre major 
departure from data in the literature is with regard to 
chemical characteristics of greywater from Whale Covee A 
substantially higher concentration of some chemical 
pollutants has been found than reported by other 
investigatorse This difference is expected due to the 


reduced water useage in the homes in Whale Cove. 


Ce DISCUSSION 

Relatively high concentrations of fecal and total 
coliforms organisms were observed in the greyweter. The 
average concentration of fecal col titorn organisms was as 
high as 2e0 X 10°/1900 mL (tableIV-4). Results of 
bacteriological analyses of samples from Wrale Cove and 
Strathcona County indicate the same order of magnitude, 
allowing the use of greywater from the South tc be used 
treatment experiments for greywatere However, due to 
sampling problems, the site in Strathcona County was 
abandoned and the sampling for treatability experiments 
carried out ir a home in Edmontone The concentration of 
total coliforms from these samples were higher by a fact 
of 103 than the samples from Whale Covee The t-test 
confirmed the result that the mean values of total colif 
are significantly different for the two sets of datae Th 
result was found to be significant at 0.2% level, theref 
the difference is highly significante The reason for suc 


high concentrations, is the ability of the total colifor 


135 


from 


thus 


in 


wes 


or 


orms 


e 


ore 


h 


m 


ge | mone bt 


seLae ett sator am ttaetee? we tinae te © 
o) beegee woiw oF orratanat 15 HN 
A eev70D vied? wert setavters ta: oot tan 


ee 


Saclasto smoe to aol ian? ReIHeD penis 
aedto <d hervowes wadt avot ee as 

ott of euh Detodane ef woner7eks a Ptr y le 
ar 


-eovo3 ef et at eenad wd? al waren poten! Db 


Reckeisee 


a) | 


arti 7 
oT 


| f val 
tutor base Saget to enoitent neones. ot ee . io 
ssatevvewn eff af bhevrando on aw seminanze: 


ae 


to etlimad, ( )-Vietadar) Jm OUENAOE ES O48 


eo OM unetnenye wratisloo IS soe? “to nolsantnen 


a 


aud? «<@bputionad 16 40bto eqak oat phacinal eeapa> a 
\ a. Pie 


wort ban oved afatW sett aedqnae” ke newusone tal nos 
of Bean of of Atwee eff eott pa RE toe ened 3 
oP i 7ovewes . 2s oreets “ake einen taxes +7 

eew “iaved aneathaek! fl othe) edt peneteorte ante 

soe ePneniasaxe viitidahew? oY noktawae ere ban | 
te aoltettnsones eff «fotromhs at amor * af toe tet on 
autest # ed s0deld e2oe setqzee' enorts post need bho es 
seed eT eavcd sliad¥ wort eelquery Gat anor col re 
enieeifod Setot to dewey orem ott tent times edt. baw 0 
er sateh ho eaten oer ond 4o% teeters <dbdestilaae ote hb 


atetened? \fével #2.0.%2 trscttiagia od mt bao? enw +iveer 


ww 


fove ot some aft a7 neo tt ingse xi data a} @one70%3 ih Pere 
Belpre 


arotiios Jato? eff Te “lifide ear af ~aaotioitnssaes 1 


a 


136 


organisms to grow abundantly in the sampling bottles 
installed in the basement where the temperature was about 
20°C. For the rest of the parameters except PO,4-P and NH3-N, 
the t-test showed no significant (5%) difference between 
samples from Fdmonton and samples from Whale Covee 

As the results of bacteriological analyses demonstrate, 
a wide range of indicator organisms can be expected in tke 
raw bath and laundry wastewaters. The levels sare sufficient 
to indicate a potential for fecal contamination of the bath 
and laundry wastewaters, which could in turn result in 
pathogenic contamination of these wastewaterse Communicable 
diseases can be transmitted by the pathogenic orgenisms in 
the wastewater. 

In understanding the significance of the data presented 
here, it must be made clear that no members of the 3 groups 
of indicator organisms are normally pathogenic for adult 
humanse Their significance lies in the fact that, if they 
are present, other fecal-borne pathogenic bacteria 
(Salmonella, Shigelia, etce) or viruses(polio etce) could 
also be presente 

Chemical characteristics do not show good correlation 
between samples from Whale Cove and Albertae The 
concentrations of phosphorus, and ammonia nitrcgen are 
higher in samples from Whale Cove than in samples from 
Albertae This variation in wastewater quality is as expected 
based on the reduced water usage, in most communities in the 


NeWeTe The wastewater produced are far more concentrated 


Lm! 


ie + ans ; 
ee Ee am 7 


ee. 


a 


oelt¢ed aniiqana. ne @ 
tuoue “ae sone oreqee? eat oie teste 
ee 

“Uv Dee 2,08 toate etebseetag | on?’ tose 
ce 


naawted saaerakel (tes rumah ytgnto oie  Dewods 


a 


70D af add work noigmed hte, nee 0 


> wa 
be 


oo oot acouneb opetl eee osteo todnadead ye ddoua ane 


~ 


\ botoeaxé ef ced eeetaamre to2e0tbat nov ennen a 


~ i 


hy 


‘¢?ue eto sieval—esk sore +ewe? aaw hunt tne 


oi? te dot} andmatnos Janet ot Biren 
/ » eo 
or *70Hen NOT ie bdatoo cota, acta lath oacied Si lead, 


uistererect weed? Te» aestaniwatncs 


slices (htrnmnow 


st aapodted ad’. ed beattinoraues? oa: ee 


5! eeawelceg7ea 


Hs 2) eed 


ane n*tq AP pe 


et Bo non niee = ease ont eninastarebae't 


zunoee © @¢4% to avedmem og, tae? anws> “oan ed Pere 


tiuhe wet oboeyot? 4 ot Sen vs aaa Leenre: nore 


yh gtast Penk off oh Bets oneal? line iniribates 


Vout 
uf 


abretoed@ > lodgo ittag: or2ede ingest Stebel clccache! 

siiwven deate olliog ueseete anst «ote ‘pi teniaa« iia 

| -tronerg 
nelsetesso> 8ORe wots FOR OF noldeeedoawenh ka 

| edt? Sereecia haw evad olat¥-aort eolqese — 

Soa) aeQothia Bihoams boe sme vonyagta BO eno hee 

fet detame eh neat wvoo wf aa moc eesques mb 

berteqee ae eh gebtaee 997 roth ew gh onarhivdy. belie 


oar of ott Todaaed Prom at vomeay vote tisoatnt eae, 


137 


than the wastewater produced in Alberta. 

The important contaminants of concern in wastewater are 
suspended solids, biodegradable organics, rathogens and 
nutrientse Suspended solids can lead to the development of 
sludge deposits and anaerobic conditions when untreated 
wastewater is discharged to the aquatic environmente Little 
is known about the effects that these suspended solids may 
have on the health of those who drink water thet contains 
theme Nevertheless, it is possible that they mey indirectly 
affect the quality of drinking water because bacteria end 
viruses from greywater can adsorb onto the suspended 
particlese By such means these materials may serve to 
concentrate, transport and protect becteria and virusese AS 
seen from the results mean suspended solids concentration is 
found to be 294 mg/L (table IV-4), which isc above the 
recommended tlimit of 15-30 mg/L in Albertae Although this 
Limit is for surface water discharge, it gives an indication 
of the degree of pollution in the greywater which could 
affect disinfection of this greywatere 

In a wastewater of medium strength, about 75% of 
suspended solids are organic in nature (Metcalf & Eddy, 
1979). Organic compounds are principally composed of 
proteins, carbohydrates, fats and oils. All organic 
substances contain carbone Geometric mean of the organic 
content of greywater tested here as determined by TOC 
analysis is 210 mg/Le The recommended limit for sewage 


effluent discharge being 1 mg/Le If this greywater is 
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discharged to the environment untreated, extremely foul 
odors are apt to be produced by the decomposition of 
proteins and the microbial population would temporarily 
increase using protein and carbohydrates ac nutrient sourcee 
Hendricks (1971) demonstrated that Shigella flexneri and a 
Salmonella spe were capable of metabolising organic 
nutrients adsorbed to river sedimente Thus organic matter on 
the surface of the soil could act as a nutrient source for 
these organismSe 

Concentration of inorganic substances such as nitrogen 
and phosphorus can also affect the environment, particularly 
if these constituents of wastewater ere addec to surface 
waterse Poth nitrogen and phosphorus are essential to the 
growth of protista and plants. Although amounts of nitrcegen 
present in greywater as NO3gz and NH3 were found to be wees 
recommended level,(NH3 standard value is 10 -20 me/L 
(Alberta Environment, 1977), phosphorus was present in very 
high concentrationse Phosphorus must be removed from 
greywater before the wastewater reaches surface waters, to 
prevent noxious algal blooms in surface waterse The presence 
of algae affects the value of the water as a water supply 
because they often cause tabeeoand odor problemse Marginal 
amounts of chlorine enough for disinfection but not enough 
for oxidation, may intensify plankton odors and tastese 
Major algal growths can also affect fish life in lakes. 

In freshly polluted waters, most of tre nitrogen is 


originelly present in the form of organic( protein) nitrogen 
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and ammonia. As time progresses, the organic nitrogen is 
gradually converted to ammonia nitrogen and later on, if 
aerobic conditions are present, oxidation of ammonia to 
nitrites and nitrates occurse As anticipated, the 
concentrations of ammonia nitrogen and nitrate nitrogen were 
quite low for samples from Edmonton since analyses were 
performed shortly after collection of samplese Samples from 
Whale Cove contained high amounts of NH3-N possibly due to 
some oxidation of organic Ny, even though the samples were 
preserved prior to analysise Nitrogen would te available 
from this greywater for algal and microbial growthe Even in 
samples with low amecunts of NO3-N and NH3-Ny es high as 14-5 
mg/L Kjeldahl nitrogen was detectede 

This characterization is based on a reletively limited 
basis of 28-32 samples during a comparatively short period 
of the yeare In view of the great variatiors in 
concentration mentioned previously, it is, bee ae 
doubtful whether the mean values calculated ere really 
representative of the wastewater from the households and can 
be accorded a certain general validitye The values of most 
parameters calculated on the basis of this study lie within 
previously reported limits by other investigatorse Even if a 
certain amount of ceution is justified as far es the fievres 
are concerned, it would seem, nevertheless, that one could, 
with some certainty, rely on the orders of megnitude which 
have been obtained from the analysese 


From the results obtained it is evident that special 
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attention must be paid to the greywater, since it carries a 
large pollutional loade This means that even when black 
water is eliminated this does not guarantee that the 
remaining greywater can be discharged withcut special 


treatmente 
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Ve TREATABILITY EXPERIMENTS 
The goals of greywater treatment are killing of 
disease-causing microorganisms, removal of harmful chemical 
substance and disagreeable colors and odors, and removal of 
solidse The following criteria were taken into consideration 
when proposing treatment processes that could be 
incorporated into an individual household: 
le the effluent quality produced; 
Ze the variability in-effluent quality; 
Se the minimization of operational and maintenance 
problems 3 
4. the economic feasibility with respect to installation, 
operation and maintenance; and 

Se the total annual costse 
Considering the soil Limitations, intermittert sand 
filtration of greywater was investigated as an alternative 
to subsurface disposal of household wastewater treatmente It 
was sveculated that a substantial improvement in wastewater 
quality could be attained such that sand filtered effluent 
could be disinfected and discharged to surface waterse 

From the information obtained from a literature survey 
on sand filtration, a bench scale treatment unit was 
designed, constructed and analyzed in order to evaluate the 
efficiency of filtration in treating greywater. Plate V-l 
illustrates the apparatus used in treatment process and the 
arrangement of the processese The study evaluated six 


wastewaters, the greywater influent, the sand filtered 
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effluent, 3 chlorine disinfected effluent samples, and a 


Lime disinfected effluente 


Ae METHODOLOGY 

Design of Ireatment System 

Two PVC columns of inside diameter 36 cm end length 1.2 
m were filled with 61 cm of sand (approximate etfective size 
of 0.4 mm) overlying 15 cm of suvporting pea gravele An 
underdrain of coarse gravel was placed bereath the pea 
gravel layer to distribute the flow over the surface area of 
the column during backwashing operationse Another layer of 
coarse gravel was placed above the layer of sand to 
distribute the flow of greywater over the surfece of the 
columne The surface area of the filter was established so 
that the average daily loading rate wes appreximately 20 
mL/d/cm?e The distribution system consisted of a silicon 
rubber tubing 5 mm in diameter, leading from tre vessel 
containing influent greywater to the sand filter via a pump 
regulated flowe The collection system of the sand filter 
consisted of a5 cm plastic pipe at the bottom of the filter 
column iia ding to a collection vessele 
Overation 

Only one filter column was used during operation of the 
filter system. The second column acted as a standby unit to 
be used if the column in service became clogged with solids 
or required other maintenancee A preliminary study was 


conducted from January 16, 1979 to January 24, 1279. 
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Greywater from the septic tank in Strathcona County was 
applied to the sand filter daily. 11-6 L of wastewater 
passed through the filter everyday over a span of 15 hourse 
This produced a hydraulic loading of 18 mL/d/cm?. 

Within 5 days water was leaking from the edge of the 
bottom surface of the column due to the weight of the sand 
in the column. The second column was put into operation with 
about 5.1 cm wooden blocks at the bottom of the column as an 
additional supporte No further problems were roted in the 
operation of the filter columne This filter was operated for 
a period of 4 weekse (February 26/79 to March 29/79.) The 
sand filter was to be operated until pondirg above the sand 
occurred and reached the height of about 20 cme However, 
during the period of operation (30 days), ponding did not 
occure 
Sampling and Analysis 

Due to the remoteness of the site in NeWeTe and 
associated transportation problems, treatment studies were 
performed using greywater from a kfome in Edmontone 
Wastewater was collected from a pipe connecting the kitchen 
sink, bathtub and washing machinese Since greywater was 
running through the sampling bottles during the time 
intervals between sampling, the composite samples were 
considered as representativee Samples were obtained every 
day and applied to the sand filter. The effluent from tte 
filter was collected ina 20 L container. 


Soon after collection, the effluent wes disinfected 
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with three different concentrations of chlorine solutione 
Three S500 mL aliquots of effluent were dosed with 5S, 10 and 
15 mL of chlorine solution and mixed on a mixing machine at 
high speed for 30 minutes, after which residual chlorine 
analyses were performede The chlorine solution was prepared 
by adding approximately 0-5 g of commercial domestic 
granular dry chlorine concentrate to 1 L of watere This 
solution was titrated with 0.025N sodium thiosulphate givirg 
a chlorine concentration of 313.82 mg/L. 

To determine "breakpoint" chlorination, several 
concentrations of chlorine were added to a sample and 
residual chlorine measured at those concentraetionse The 
results are presented in figure V-1. Breakpoirt chlorination 
was achieved at a chlorine dosage of about 3 mg/Le The three 
chlorine dosages used in this study were calculated to be 3, 
6 and 9 mg/Le 

Similarly, another 500 mL aliquot of effluert was dosed 
with 2 mL of lime slurry, containing 5 parts of toiled 
deionized water and 1 part of quicklime so that each mL 
contained nearly 0-2 g2 of Limee Contact time for lime 
disinfection was 30 minutese This Lime dosage of 800 mg/L 
increased the pH of the effluent to 12. 

Total coliforms, fecal coliforms and fecal streptococci 
analyses were performed daily on all six samples, (ieee 
influent greywater, sand filtered effluent, 3 chlorine 
disinfected effluent samples and the lime disinfected 


sample) as described in chapter IV under enalytical methods. 
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Plot of Residual Chlorine versus chlorine dosage 


demonstrating breakpoint phenomenon 


break point 


0.0 0.5 


G a 2 3 4 & 6 7 8 
dosage chlorine(mg/L) 


Fig. V-I 
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Before bacterial analyses on chlorinated samples, 0-5 mL of 
190 g/L of sodium sulphite solution was added to 500 mL of 
sample to inactivate the residual chlorinee Sodium sulphite 
solution was prepared daily and sterilized by boilinge 

pH of the samples were measured and suspended solids 
analyses were performed daily on influent and sand filtered 
effluent samplese Testing for total and ortho-phosphates, 
ammonia and nitrate nitrogen and total organic carbon was 
accomplished ahout every seventh day according to procedures 
described in chapter IV under analytical methodse Prior to 
the chemical analyses, the samples were refrigerated below 
O0°C. For TOC analyses, the samples were first acidified with 
a few drops of 1:1 hydrochloric acide The samples were 
filtered for NO3-N analysese Residual chlorine wes measured 


using iodometric method number 409A (APHA,1275 )e 


Be RESULTS 

The efficiency of treating the greywater with a sand 
filter is summarized in table V-1. The number of ssmples 
tested and the range of contaminant concentrations are also 
showne AS shown in table V-1, sand filtration produces a 
fairly high quality effluent, containing low cencentrations 
of chemical/physical pollutants and indicator bacteriae 
Analyses of selected chemical/physical paremeters on daily 
samples of effluent from the sand filter demonstrated 
Significant reductions of TOC, suspended solids, total 


phosphorus and indicator organisms with mean effluent 
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Effluent Quality Data: Feb. 26 to March (aN SES) 


Parameter 


Total coliforms 
(# per 100mL) 


Fecal coliforms 
(# per 100mL) 


Fecal strep. 
(# per 100mL) 


TOC (mg/L) 

S. solids (mg/L) 
T-PO, (mg/L) 
0-P0, (mg/L) 

NH. (mg/L) 

TKN (mg/L) 


Number of 
Samples 


29 


29 


29 
Zo 
29 
28 
20 
on 
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TABLE V-I 
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concentration of 34 mg/L for TOC, 4-24 mg/L for suspended 
solids, 0.32 mg/L for total phosphorus and 3.4 x 103 
Boel e7 100 mL for fecal coliformse The pH of the effluent 
increased slightly above the pH of the influent. 

Surface discharge recommendations for primary contact 
recreational waters for total and fecal coliforms are 
1000/1090 mL and 200/100 mL, respectivelye Observation of the 
data shows the coliform level was substantially reduced by 
the sand filters, but effluent levels of coliforms remained 
higher than the current discharge recommendationse 
Disinfection of the sand filter effluent by chlorination 
reduced coliform levels below the recommended level, but 
average chlorine residuals of 1-5 mg/L, 3e2 mg/L and 5e2 
mg/L were found after 30 minutes for the 3, 6 and 9 mg/L 
chlorine dosages, respectivelye 

Although lime disinfection is effective in removal of 
fecal coliforms and fecal streptoccoci, the mean total 
coliform count was found to be 1218/100 mL, ieee above the 
recommended standard of 1000/100 mLe 

To check for regrowth of bacteria after dechlorination, 
bacteriological analysis were performed daily or chlorinated 
samples stored at room temperature from a period of 10 deys 
from March 20, 1979 to March 29, 1979. The chlorinated 
sample contained <100 total coliforms, fecal cotiforms and 
fecal streptococci per 100 mL for all three chlorine 
dosagese As shown in table V-2, no regrowth of bacteria is 


observed in samples dosed with 3 and 6 mg/Le However, the 
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TABLE V-2 


Bacteria Regrowth Analysis: March 20 to March 29, 1979 


# Total coliforms/100mL 
for Sample dosed 


Day with 9 mg/L chlorine 


20/3 100 
22/3 100 
23/3 1200 
24/3 6200 
26/3 2500 
27/3 2100 
28/3 3100 
29/3 100 


ith eee 


1) All samples dosed with 3, 6 mg/L chlorine showed no regrowth. 


2) No .regrowth of fecal coliforms & fecal strep. 
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sample dosed with 9 mg/L chlorine showed regrowth of total 
coliform organisms after 2 dayse No general trend was 
observed in the amount of regrowth with timee Most Likely 
regrowth occured due to contamination of sample, since 
regrowth was observed for total coliform onlye 

Figures V-2 to V-9 illustrate the increase in treatment 
efficiency with time, particularly in the case of fecal 
coliformse It should be remembered here that the points in 
the figure indicating 100 coliforms per 100 mL represent the 
value <100 coliforms per 100 mL ieee the value below 
detection limite No fecal streptococci colonies were 
detected in one mL sample for most casese This is shown in 
Fige V-4 as <100 coliforms per 100 mle | 

Suspended solids are almost completed removed from the 
greywater as observed from Fig V-6e A 96% removal is 
attained when percentage removal is calculated using 
geometric meanSe The general trend of increased efficiency 
with time exists for TOC and total phosphates though to a 
lesser extente However, in the case of ortho rphesphates, the 
plot of effluent data parallels the one of influent data 
showing there is virtually no removal of crtho phosphates. 
In fact, some of the effluent samples heve a higher 
concentration than the influente The percentage removal 
calculations, based on geometric means show a slight 
increase in both O~-PO¢ and NH3-Ne 

The increase in NH3-N concentration in the effluent is 


quite noticeable in Figure V-9. It is also interesting to 
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Fecal coli form(#/I00mL) 
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note that for the first seven days, there is negligible 
emounts of ammonia present in both the influent and the 
effluent samples. Near the end of the experimental period, 
the NH3 concentrations in the effluent samples are quite 
high compared to the influent concentrations which are still 
very lowe 

To check the source of this nitrogen in the effluent, 
total Kjeldahl nitrogen was determined in © samplesce The 
results are provided in table V-1. The mean corcentration 
was 7.218 mg/L in the influent, 92% of this was removed in 
passing through the filter column. The increase in NH3-N in 
the effluent is most likely cue to the oxidation of organic 
nitrogen taking place in the sand Paine s columne 

Three different concentrations of chlorire and one 
concentration of lime were used to disinfect the effluent 
from the filter column. To test whether there was eny 
difference between the four treatments, a one way enalysis 
of variance test was performed. In this case, there was 
evidence of a difference between the treatment methods, at a 
5% significance lLevele It was concluded, from computations 
of least significant difference that there was no difference 
between the three dosages of chlorine usede However, 
treatment with Lime was significantly different from the 
three chlorine treatments, in that it was rot as effective 
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Ce DISCUSSION 

This research has shown that sand filtration is 
effective in treatirg household greywatere The results show 
that a sand filter of an effective grain size of about 0.4 
mmy is able to reduce the fecal coliforms from 2-0 X 10® to 
3e4 X 103 per 100 mL of greywatere The concentration of 
total coliforms wes reduced from 1.1 X 109% to 2.6 X 10® per 
1990 mL at the same timee 

The straining of bacteria at the soil surface is 
possibly the main mechanism involved in removal of bacteria 
by soile When suspended particles, including bacteria, 
accumulate on the soil surface, as water passes through the 
soil these particles themselves henenomne filter (Krene et 
ale, 1958)- Such a filter is capable of removing even finer 
particlese Thus, the removal efficiency weuld increase with 
time, as seen from the results in Figures V-2, V-3 and V-6. 

Two of the chemical parameters that do not follow the 
general trend of increased removal with time, are NH3-N and 
O-PCqae The increase in concentration of NH3-N is more 
pronounced than the increase in O-POq concentration in the 
effluent. 

Hydrolysis of complex phosphates to ertho phosphates 
and the decomposition of organic nitrogen into NH3, curing 
the passage of greywater through the column could account 
for the above observatione Nitrogen and phosphorus are both 
essential nutrients for bacterial growthe As organisms 


accumulate in the column, there is a possibility of bacteria 
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metabolizing organic nitrogen and phosphatese Most organisms 
hydrolyze phosphates into soluble phosphates before they can 
incorporate them into their cellular consitiuventse Thus, 
besides using the available orhto phosphates the organisms 
convert some of the complex phosphates to ortho ghosphates, 
thus either increasing or maintaining the level of soluble 
phosphates in the sand filtered effluent. 

Similarly, protein, nucleic acids and some other 
organic nitrogenous compounds are hydrolyzed to amino acids 
and similar compounds when they are metabolized by 
microorganismse Under anaerobic conditions some of the amino 
acids are converted to offensive odor producing amines and 
related productse In the presence of oxygen the amines are 
oxidized with the liberation of ammoniae 

The filter cotumn is essentially an aerobic conditione 
Thus, the amino acids are oxidized to form ammonieae 

Since in most cases the volumes of wastewater are small 
and the possible dilution by receiving waters is large, it 
is mainly health protection that is a concern rather than 
general degradation of water quality. 

Due to a small hydraulic loading (18 mL/d/cm?) over 99 
%® removal of total and fecal coliform organiem from 
household wastewater was achievede However, the number of 
organisms was still higher than the recommended standard, 
thus requiring disinfection prior to surface dischargee Of 
the two disinfectants studied in this experiment, chlorine 


is found to be more efficient than limee Besides being a 
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less effective disinfectant, there are problems of the final 
sludge disposal and pH adjustment of effluent after lime 
disinfectione There is no significant difference in the 
numbers of coliforms remaining when the three different 
dosages of chlorine are applied to the sand-filter effluente 
The values of the three dosages of chlorine were above 
breakpoint. Chlorine has a good record of being a 
satisfactory wastewater disinfectant for public health 
protection against waterborne diseasese There are, however, 
associated problems with current chlorination precticese As 
discussed in chapter [I, the use of chloriration is 
sometimes discouraged due to its adverse effectse However, 
in this study, disinfection by chlorination was found to be 
more suitable method of the twoe A very low dosage (3 me/L) 
is required for effective disinfection of greywater, leaving 
a mean residual of 1-46 mg/L after a 30 mirute contact 
periode The recommended dosage for activated elucge plant 
effluent is 10 mg/L and the Alberta Government Stendard for 
residual chlorine is 2 mg/Le 

Among all tthe alternate disinfection tectniques, at 
present, typochlorite appears to be the most satisfactorye 
It can be easily transported, is simple and safe te usee 
Since residual levels are below recommended stencard, the 
effluent is relatively safe for surface dischargee 

A laboratory study showed that total coliforms were 
capable of regrowth after dechlorination of sand filtered 


chlorinated effluente However, no regrowth of fecal coliform 
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or fecal streptococci was observed suggesting a different 
potential for regrowth for different groups of coliform 
organismSe 

AS observed by Shuval et ale (1973), an inverse 
relation between the occurrence of regrowth end the number 
of bacteria surviving chlorination was noted in this studye 
However, a direct relationship was observed between 
occurrence of regrowth and the amount of residual chlorine, 
contrary to the results obtained by Shuval et ale (1973). 
The former relationship may be due to the gereral absence of 
competitive microflora in the effluent treated with high 
chlorine dosagee The unexpected occurrence of regrowth in 
sample chlorinated with 9 mg/L chlorine cannot be explained 
with the Limited number of datae To fully understand the 
regrowth phenomenon a detailed study should be undertaken. 

Although the regrowth test showed no organisms in a 10 
mL semple after chlorination, regrowth nevertheless 
occurred, indicating that some bacteria were present in the 
chlorineted effluent. Testing larger volumes of effluent of 
290-500 mL might overcome this apparent error. 

Since different coliform groups showed different 
capacities of regrowth, one cannot assume that when 
coliforms regrow, the pathogens are regrowing as welle In 
the absence of clear evidence that pathogens behave in a 
Similar manner to total coliforms, absence of regrowth of 
fecal coliforms can be considered as indication of absence 


of regrowth of pathogens. 
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It is known that viruses cannot multiply outside the 
living host and to the extent that their numbers ere reduced 
by chlorination no regrowth can occure 

No pH adjustment is required for the sand filtered 
chlorinated effluent, since the treated effluent is neutrale 


Thus, it can be considered safe for surface disckargee 
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VI. SUMMARY AND CONCLUSION 
Domestic sewage can contain the complete range of pathogenic 
organisms such as agents causing cholera, typhoid fever, 
bacillary dysentery as well as enteric viruses and 
parasites. 

The aim of this investigation was to study the quantity 
and nature of household wastewater, ieee greywater from the 
dwellings in an isolated northern community and to determine 
whether this greywater could potentially be e public health 
bazard.e The results were to provide a basi¢e for choosing 
suitable treatment measurese 

The data generated in analysis of characteristics of 
greywater from Whale Cove is summarized in table IV-4e. The 
daily pollutant contributions can vary considerably at a 
given home as seen from Figures Ai-A1§&, and elso between 
homes due to different living habits. A log rormal 
distribution was demonstrated for all the parameters 
measured in this studye The values obtained for most 
parameters from the two sources of greywater(Edmonton and 
Whale Cove) dic not differ significantly, except for NH3, 
POqg and total coliformse These differences were largely due 
to differences in waterusee 

The microbiological content of greywater is of prime 
importancee As discussed previously, the presence of an 
individual who is shedding pathogens in a household 
wastewater will result in pathogens appearing in the 


wastewater streame Although no work was done to actually 
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delineate the pathogenic characteristics of greywater, the 
values presented for coliform organisms demonstrate thet a 
wide range of indicator organisms can be expected in the 
bath and laundry wastewaters. The levels are sufficient to 
indicate a potential for fecal contamination of the bath and 
laundry wastewaters, which could in turn result in 
pathogenic contamination of these wastewaterse Health 
statistics show that many of the diseases mentioned are 
endemic in the communities in the NeWeTe Hence, it is 
possible that such pathogens will occur ir greywater. 

The findings of this investigation with respect to 
chemical characteristics of greywater suggest thet 
sufficient nutrients are available for growth and 
maintenance of a microbial population in this westewater, 
and that spring runoff containing this wastewater could 
contaminate drinking water scurcese These results indicate 
the necessity for wastewater treatmert to protect public 
healthe 

Since central sewerage and water distribution systems 
cdo not exist in most northern communities, and many ereas 
are simply unsuitable for on-site treatment and dispesal by 
the septic tank system, an intermittent sand filtretior with 
surface disposal of effluent was evaluatede The inability to 
meet the bacterial standards does not eliminate sand 
filtration as a potential treatment mechanism, but indicates 
that filtration alone is not adequate for reroval of 


bacteria from household greywatere Disinfection following 
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filtration has been found effective in producing an 
acceptable effluent quality, under laboratory conditions. 

However, these results were not conclusive evidence of 
the feasibility of operating the treatment proceges under 
conditions similar to those found in NeWeTe Three important 
factors which should be further assessed are the possible 
occurrence of clogging of the filter columns, economics of 
the system, and, probably more important, the operation and 
maintainance requirementse 

Intermittent sand filtration and chlorination appear to 
be a practical solution for prevention of adverse effects of 


greywater , particularly if piped water distribution to 


homes is anticipated in the near future. 
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VIITe RECOMMENDATIONS 
In an attempt to better identify the potential for 
contamination of household greywater by pathogenic 
bacteria and viruses, greywater should be further 
characterized for pathogens. Siegrist (1277) found 
certain enterobacteriaciae in greywater indicating 
possible fecal contaminatione 
Because of certain limitations of the coliform group as 
general indicators of non-enteric pethogen 
contamination, other indicators such es Fseudomonas and 
Staphlococcus should be assessede In the literature 
there has been some indication that Pe aeruginosa is 
present in greywater. [t is recommended that in addition 
to coliform tests, qualitative tests be conducted to 
determine presence of Pe aeruginosa. 
Since, at present, there is a lack of convincing 
evidence that water sources are the cause ot waterborne 
diseases in the NeWeTey it is reccommended ttat 
epidemiological studies of water quality and tealth be 
performed in addition to acquiring better reporting of 
outbreaks of waterborne disease. 
Excessive use of chlorine in water treatment may result 
in the formation of several compounds thet are known 
carcinogens for animals and suspected carcinogens for 
humanse There is a possibility that disinfection with a 
chlorine dosage of less than 3 mg/L could be effective 


in removing microorganismse It is recommended that the 
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effect of chlorination below "breakpoint" be assessed, 
even though carcinogenic effect of chlorination is not 
likely to pose a problem at present in the NeWeTe 

Since characteristics of greywater are affected by 
temperature, particularly microbiological 
characteristic, greywater should be examined under 
winter conditions as experienced in NeWeTe 

It is known that bacteria and viruses can survive 
freezing temperatures, this should be investigated by 
analysing spring thaw samples of greywetere 

A close monitoring of the pattern of wasteweter flow and 
the volume of wastewater produced at homes in the 
communities in NeWeTe is recommended tc generate the 
necessary data to design a complete household treatment 


systeme 


As a final general recommendation, it is felt that an 


extensive field investigation should be conducted on 


characterization and treatment system in ecrder to assess the 


suitability of sand filtration- chlorination under 


conditions found in NeWeTe 
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GLOSSARY 


Endemic - peculiar to a certain region or people; said of a 
disease that occurs more or less constantly in 
any particular localitye 


Endocarditis - Inflammation of the endocardium or lining 
membrane of the heart cavities and its 
valvese 


Endocardium —- The membrane Lining the interior of the hearte 


Enterocolitis —- Inflammation of small intestine and colone 


Epidemic - of diseases, occuring or tending to occur in 
extensive outbreaks, or in unusually high 
incidence at certain times and placese 


Epidemiology - The study of occurrence and distribution of 
disease; usually restricted to epidemic and 
endemic, but sometimes broadened to include 
all types of diseasee 


Fulminant - Sudden, severe, intense and rapid in coursee 
(adje fulminating ) 


Honey bags - plastic bags used for toilet wastes. 


Mastoid cell -—- Gne of the compartments in the mastoid part 
of the temporal bonee (ieee bone forming part 
of the skull) 


Mastoiditis - Inflammation of the mastoid cellse 


Meningitis - Any inflammation of the membranes of the brain 
or spinal corde 


MPN - Statistical estimate of a bacterial population through 
the use of dilution and multiple tube inoculations. 
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Osteomyelitis —- Inflammation of the marrow and hard tissue 
of bone, usually caused by a bacterial 
infectione 


Pericarditis - Inflammation of the pericardiume 


Pericardium - The closed membranous sac enveloping the 
hearte 


Pustule — A small, circumscribed elevation of the skin 
containing puse 


Pyelonephritis - The disease process from the immediate and 
late effects of bacterial and other 
infections of the kidneye 


Sequela - An abnormal condition following a disease upon 
which it is directly or indirectly dependente 


Thrombophlebitis - Inflammation of a vein associated with 
thrombosise 


Thrombosis - The formation of a clot of blood formed during 
life within the heart or blood vessels. 


Virion - The complete, mature virus particle, identical to 
the infectious unite 


Virulent - Infectious, noxiouse 
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TABLE A-I 


CHARACTERISTIC OF GREY WATER FROM WHALE COVE 
:AUG 21 TO SEPT 16, 1978 


DAY TOTAL COLIFORM FECAL COLIFORM FECAL STREP. TOC §=6S. SOLIDS T-PO, 0-PO, NO.-N NH.-N 


#100 mt #/100 mL #/100 mL__——_mg/L_—_mg/L_—_—smg/L_—mg/L_ mle Honk 
1 1.6x10° 1.2x107 8.0X10° es 4.50 2.41 0.078 0.01 
2 2.1x107 3.5x10° 5.9X10" 345.0 902.0 27.70 3.36 0.110 0.65 
3 2.2x10° 5.0X10° 2.9X10° 416.0 458.0 16.10 4.27 0.043 1.41 
4 3.9x107 1.8x107 3.0X10° 1420.0 1372.0 14.00 7.57 0.074 0.42 
5 7.0x107 1.3x107 T.2K10° 9305.0 248.0 10.30 4.03 0.083 1.25 

8. 3x10" 1.1x107 3.0x10°  br300.0. Wels 1.23 0.02 3.630 0.01 
7 6. 3x10" 3.2x10° 2.3X10° 4230.0 1982.0 13.80 7.79 0.014 11.49 
8 2.0x10° 4.0x10° 60x10" 47.5 354.0 9.20 5.68 0.008 2.09 
9 1.ox10° 1.0x10" 6.1X10> 745.0 280.0 5.80 1.63 0.042 1.47 

10 2.0x10" 3.8x10° 1.7x10° 263.0 «138.0 ~=—-'14.00 0.01 (0.010 2.08 

V 4.2x10" 3.6x10° 1.0X10° 121.0 450.0 6.40 0.28 0.008 0.31 

.  3.400° 3.0x10° 1.0X10° 956.0 1108.0 11.20 0.01 0.001 0.01 

13 8.1x10° 5.0X10° 7.1X10° 1910.0 5007.0 103.00 46.70 0.500 70.80 

14 5.4x10" 1.8x10° 3.7x10° 295.0 200.0 +=—s«-'14.20-:0.28:~«0.003—«*12.42 

15 8.0x10° 3.5x10° Woxto™ 1s.0. 640 «=» 1.60606. 0.006) » 2.34 

16 5.4x10" 1.5x107 5.9X109 94.0 632.0 17.00 0.65 0.003 0.93 
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TABLE A-4 
DISINFECTION RESULTS 


Total Coliforms/100mL 


Chlorine Chlorine Chlorine Lime 

Day 3 mg/L 6 mg/L 9 mg/L 800 mg/L 
] 500 74000 100 100 
2 4900 290 200 61000 
3 700 400 200 98000 
4 500 100 400 43000 
5 100 100 100 2500 
6 300 100 100 2200 
7 100 100 100 18000 
8 100 100 = 00 14000 
9 200 300 100 1200 
10 100 200 100 5500 
1 100 100 100 100 
12 100 100 100 21000 
13 100 100 2600 800 
14 100 100 100 100 
15 100 100 100 200 
16 509 190 31000 700 
7 400 100 100 1600 
18 600 100 100 40000 
19 100 100 100 100 
20 100 100 100 200 
21 100 100 100 300 
22 100 100 100 190 
23 100 100 100 400 
24 100 100 100 100 
25 700 4500 100 200 
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